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FIRST BOOKE 
OF'THE 
SECTOR 


CHAP. I. 


The Deſcription, the making, and the generall vſe 
of the Seitor, 


Seftor in Geometnie , © 18 a higure com- 
prehended of two right lines contain- 
ng an angle at the center, and ot the 
circumference alſumed by them, This 
Geomeiricall inſtrument having two legs 
containing all varierie of angles, & the 
diſtance of the feete, repretenting the 

ſubrenſes of the circumference, is therefore called by rhe 
— ſame name. h BE 


| [c containeth 22 {euerall lines or ſcales, of which 7 are 
- 


A 
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generall,the other 5 more particular. The firlt is the ſcale 

of Lies diuided into 100 equall parts, and numbred by 

FT, 2,.3: 4. 5.6. 7. $:9. 10. 

. Thelecond, the lines of Swperficies diuided into 190. 
ESE a vnegua)l 


Co _— 


2 The aeſeription of the Lines, 
vnequali parts, and numbred by 1. 1.2. 3.4.5.6. 7.8. 
9. IO. 
Thethird, the lines of Solids, dinided into 1000 yne- 
qual parts, & numbred by 1.1. 1.2. 3.4. 5.6.7.8. 9.10. 
The fourth, the lines of Si#es and Chords diuided into 
yo degrees, and numbred with 10. 20, 30. vnto 90. 
Theſe toure lines of Lines, of Swper ficizs, of Solids, and 
of Sines, are all drawne from-the center of the Sefor al- 
moſt to the end of the legs. They are druwne on both the 
legs, that euery line may haue his fellow, All ofthem are 
ot one length, that they may anſwere one to the other. 
And cucry one hath has parallels, chat the eye may the 
berter diſtinguiſh the dwuitions. Bur of the parallels thoſe 
onely which arc inward moſt containe the true ditions, 
There are three other gencrall lines, which becauſe 
they are infinite are placed on the {ide of che SefFor. The 
firſt a line of Tangents, numbred with 10. 20. 30. 40. 50. 


Eo. lignifying 1o many degrees from the beginning of. 


the line,of which 45 are cquall to the whole line of Smmes, 
the reſt follow as the lengch of the Seftor will bearc. 

The ſecond, a line of Secawtr, dwided by pricks into 
60 degrees, whoſe beginning 1s the ſame, with that of 
the linc of Tawgents,to which it 15 10yned, 

The third, is the Meridian line, or line of Rambs,; diui- 
ded vnequally into degrees, of which the firſt 70 are al- 
moſt cquallro the whole line of Sizes, the reſt follow vn- 
to 84 according to the length of the Seffor, 


Of the particular lines inſerted among the generall, 


becauſe theze wasvyoyd {pace;the firſtare the lines of 2ua- 
fratzre placed berweene the lines of Sines, .and. noted. 
with 19. 9.8. 7.8.6; 5. 90. 9. 
: Theſecoid, the lincs of Segments placed betweene the 
lines of Smmes and Saperficier, dintided into go parts, and 
numbered with 5.6.7. 8. 9. 10, 


The third,the lines of I»ſcribed bodies in the ſame Sphere, 


placed betweene the ſcales of Lines, and noted with D..$, 
DO 
| h The 


LIMI 


The making, of the Sefor, 3 

Thefourth, the lines of Equated bedier,placed between 
thelines of Lines and Solids, andnoted with D.1.C.$.0.T. 

The fift, are theslines of Merralls, inſerted with the 
lines of Equated bodies (there being roome ſuſhcient)and 
noted with theſe Charatters. ©. Zh ».2. 4 Y. 

There remaine the edges of the Sefor, and on the one 
I have fer a line of a -. Which arethe twelth parts 
of afoote Engliſh : on the other a leller line of Tangenty, 
to which the Gnomos is Redins. 


2 Of the making of the Sector. 
E-5 a Ruler be firſt made either of bratſe or of wood, 


like vnto the former figure, which may open and 
ſhut vpon his center. The head of it may be about the 
ewelth part of the whole length, that « may beare che 
moueable foote, and yet the moft part of the diuifions 
may fall without ir, Then leta moneable Gnomes be {ct 
at the end of the moucable foote, and there turne vpon 
aneAxs, fo. as it may ſometime ftand ata right angle 
with the feere,and ſometimes be incloſed within the feet. 
Bur this is well knowne tothe workeman. 

For drawing of the lines, Vpon the center of the Sefor, 

and ſemidiameter ſomewhat ſhorter then one of the feet, 
draw an occult arke-of a circle, croſling the cloſure of the 
inward edges of the Sector about the letter T. 
In this arke, at one degree on eigher fide from the edge, 
draw.right lines from rhe Center,fitting them with Paral- 
lels and diuide them into an hundred cquall parts, with 
ſubdiviſions into 2.5.0r 10. as the line will bcare, bur lex 
the numbersſet to them), be onely 1.2.3.4.&c.vnto 10. as. 
in the example. Theſe lines ſo divided, T call the lines 
or ſcales of Lines; and they are the ground of all the rcſþ. 

In this Arke at 5 degrees on pe. 42s lide, from thee edge 
neere T, drawe.other right lines fromthe Center, and hit 
them with Parallells, Thelſe ſhall ſerne for the lines of 
Solids, 

B 2 T het: 


- chat. toll 


4 '  Thein/crijtion of the lines. 

Then'on the other fide of the SeFor in like manner, 
vpon the Center & equall Semidiameter,drawe another 
like Arke of a circle : & heere agayiom one neere degree 
on cither ſide-fro the edge neererhekerrer © draw right 
- lines from the Center,and fit them with parallells, Theſe 
{hall ſerue for che lines of Simes. | 

At 5 Degrees on. either ſide from the edge neere 2 
drawe other right lines from the center,and fit them with 
parallels : theſc ſhall ſerue for the hnes of Swperfieres. 

Theſe foure principall lines being drawne, and firred 
with parallels, we may drawe 'other lines in the middle 
berwcene the edges and the lines of Lines, which ſhall 
ſerue forthe lincs of mmſcribed bogxes, and others berweene 
the edges and the Sines for the lmes.of guadratare, Ando 
the reſt as in the example, 


3 Todiuidethe linesof Superficies. 


Shes g like Super ficire doe hold in the proportion oft 
J their homologalt l1des duplicated, by the 29 Pro, 6 lib. 
Emclia. If you (hall find meane proportionals berween rhe 
whole {ide,and cacht hundred part of the. like fide, by the 
13 Pro.6 bib, Exchia.all of them cutting theſame line,chat 
line {o cutthal conteine the diviſjons required. wherefore 
vpon the center A and Semidiamiter equall to the line of 
Zmes, deſcribe aSemicircle A C B D,with 4 Bperpendi- 
cular co rhe diameter CD. And let the Semidiameter AD 
be divided as che line of Lizes into an hundred parts, & 4 
E the one Hale of AC diuided al{o into an hundred parts. 
{o ſhall che diuiftons in AE be the centers from- whence 
yon ſhall defcribe the Semicireles C 10. C20. C zo. &c. 
diuiding the lin A B into an hundred vnequall parts: and 
this line A B fo diujded ſhall berhe line of S#perficies, and 
mult be transferred into the Sector, Bucler the numbers 
ferto then be onely 1, 1, 2, 3. vnto 29,a6-in the example. 
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4 Todinide the lines of Solids. 


« Eing like Solids do hold in the proportion of their 4#- 
mologall (des triplicated, if you ſhall fnde two meane 
proportionalls between the whole fide & each thouſand: 
par: of the like ſide : all of them curriug the ſame _rwo 
right lines, the former of thoſe lines fo cut,fhall cont aine 
the dmuifions required, 

Wherefore vpon the center A & Semidiameter equall 
to the line of Lines. deſcribe a circle and diuide it into 4, 
equall parts © K£ B D,drawing the croffe diamerers'C B,g 
D.Then aiuide the {ſemidiameter £C,firftinto ro'equalt: 


parts, and:betweene the-wholeline: 4 8 4 £ che tenriv 


parr of A C,ſecke out two meane:proportionatthnes:4F 
and A H. againe betweene A D and AG bemg two 


. tenth parts of AC, ſceke our two meaneptopornonals 


- 


A B be diuided 1nro-16:ynequalliparts, 
9 Bs 


AL nd AK, andſoforward.in the reft, Soſhallthelie 


Secondly 
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The inſcription of the lines. 


Secondly, diuide each tenth part of the line AC into 
10 more, and betweene the whole line A D, and each of 
them, ſeeke out two meane proporttonalls as before : $0 
ſhall the line LF be dmided now into an hundred xn- 
equall parts, | 
Thirdly, If thelength will beare it,ſubdiuide the line 
AC once againe,each part into ten more: and betweene 
” me Whole ine vAD end cach ſubdiulion, ſeeke rwo 
meane 


ra 


The inſcription of the lines; 
meane proportionalls as before. So ſhould the line A B 
be. now diuided into 1000 parts. But the ruler being 
hore, ir ſhall ſuffice, if thoſe ro which are neareſt the 
center be expretled, the reſt be ynderſtood to be ſo diu- 
ded, dough actually they be diuided into no more then 
5 or2. and this line AB ſo diuided ſhall be the line of 
S-lids,and muſt betransferred into the Sector : But let the 
numbersſer tothem be-onely 1, x, 1. 2. 3. &c. vnto 10, as 
m the example, | 


5 To diuiae the lines of Sines aud Tangents oz the 
fide of the SecFor: 


-F Pon the center A, and ſemidiameter equall rothe 
line of Lines, deicribe a ſemicircle A B C D, with A 
B, perpendicular to the diameter C D, Then dmide the 
quadrants C B, BD, each of them into 90. and ſubdiuide 
each-degrec into 2 parts: For {o,if ftreight lines be drawne 
parallell ro the diameter C D,through theſe 90,and their 
ſubdiu:tfions they ſha!l diuide the perpendicular eA B 
vnequaily ito 99. | 


— 
. 


Os ou Wy Ire WRT. 4, fy 9 


OS NR CO CIns denn 
nay , 


Me nn —— 


The inſcriptian of che lines, 
Andthisline A B ſo diuided ſhall be the line of Sives; 
and muſt be transferredinto the-SeFor, The numbersſer 
tothem are to beg, 20, go. Kc. ynto go asin the exams 

le. <2 5 
- If now in the poynt D, vnto the diameter C D, we 
ſhall raiſe a perpendicular D E, and to it drawe ſtreight 
lincsfrom the center 4, through each degree of the quz- 
drant DB.This perpendicular ſo diuzded by them ſhall be 
the line of Tangents, & muſt be transferred vntothe {ide 
of the Seftor. The numbers ſet to them,are to be 10, 20, 
30. &c. aSin the example, | 

If berweene A and D, another ſtreight line G F, be 

drawne parallell to D E, it will be divided by thoſe lines 
from the center in like fort as D E 1s diuided, and it may 
ſcrue for a leſler line of Tawgents, to be ſet on theedge of 
the Seftor, ; 

Theſe lines of Sizes and Tawgents,may yet otherwiſe be 
transferred into the Sefor out of the line of Lines, ( or ra- 
ther out of adiagonall Scale equall to the line of Li-es)by 
tables of Sines and Tangents. In like manner may the 
lines of Saperficies , be transferred by- tables of ſquare 
rootes;and the line of Solids , by tables of cubique rootes: 
which I leauc to others to extra at leafure, 


6 To ſhew thegroundof the Seflor. 


Wow A B, A C,repreſent the teggs of the Sefor: then 


ſeucring theſe rwo A B, AC, are equall, and their 
ſeftions A D, AE, alſo equall, they ſhall be cut proporti- 
onally : andifwe draw the lines B'C, D E, they will be 
parallel] by the ſecond Pro. 6 lib. of Exciia, andſothe 
Triangles ABC, ADE, ſhalbe equiangle; by reaſon 
of the common angle ar A, and the equall angles at che 
baſe, and therefore ſhall-haue the lides proportionall a- 
bout thoſe equall angles, by the 4 Pro. 6 ib. of Emclid, 
Y | The 
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The ground of the Seftor, 
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The ſide A D, ſhalbe to the fide A B, as the baſs D E, 
vnto the parallell baſis BC, and by conuerſion A B, ſhall 
bevnto AD, as BC,vntoD E: andby permutation A 
D, ſhall be vnto D E, as A B, ro B C.&c. Sothatit AD, 
be the fourth part of the ſide A B, then D Ez; ſhall allo be 
the fourth part of his parallell baſis B C. The likereaſon 
holdetit in all other ſeaions. 


7 Toſhew the zenerall wſe of the Sefor. 
& Here may ſome cocluſions be wrought by the SeFor, 


even then when 1t is ſhut, by reaſon char the lines are 
all of one length : but generally the vie hereof conliſts m 
the ſakution of the Golden rule, where three lines being 
giuen of a known denominaton, afourth proportionall 1s 
ro befound, And this ſolution 1s diverſe in regard both of 
the lies, and of the entrasce into the worke, 

The ſolution in regard of the les 15 ſometimes /expple, 
as when the worke is begun and enced vpon the ſame 
lines. Sometimes it is compound, as when 1t is begun on 
one kind of /ines,and ended on another, It may. be begun 
vpan the lines of Lines;& finiſhed vpon the lines of Swper- 
ficies. It may begin on the Sines, and end on the Targerts. 

ER The 


To The general 'oſe.of the Seftor. 

The ſolution in regard of the entrance intothe worke, 
may be either with a parafel! or elle laterall on the {ide of 
rhe Sedtor,T cal it parallell entravce,or entring with a paral- 
Jell, when the two lines of the firſt denomination are ap- 
plicd in the parallells,and the third line,and that which is 
ſought for,are on thelide of the Seffor. I call it lateral en- 
trance, orentring on the {ide of the Sefor, when the rwo 
lines of the brit denomination are one the {ide of the Se- 
For, and the third line and that which jsto be found our, 
doe ftand in the parallells. 
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The generall ſe of the Sector. IT 


Asfor example;lerthere be giuen three lines A,B,C,to: 
which I am to finda fourth proportionall.let A,mcaſured 
in the line of /izes, be 4o, B50, and C60, andſuppoſe 
che queſtion be this. It 40 TMonthes gue 5o porunds,what 
ſhal 60? Here are lines of two denominati6s, one of wonths, 
another of pounds, and the firſt with which I am to enter 
muſt be that of 4o gronthes, If then T would enter with 4 
parallell, firlt I rake A, the line of qo, and pur it over as 4 
parallell in 5o,reckoned in the line of /ines,on either (ide of 
the Sefor trom the center, ſo as it may be the Baſe of an 
Iſoſcheles triangle B A C,whoſe lides A B, A C are equa) 
to B, theline of the ſecond denomination. | 

Then rhe Se&or being thus opened, I take C the line 
of 60, berwcene the feete of the compailes, and carrying 
chem parallell to B C,] findethem to crolle the lines A B, 
A C,on the {ide of the Sefor in D and E, numbred with 
75, Wherctore I conclude the line A D, or A E, is the 
fourth; proportionall and the correſpondent number 75 
which was required, _ 

- But if ] would enter on the fide of the Seftor,then would 
] difpoſe the lines of the firſt denomination A and C,in 
the hne of Lines, on both {1des of the Sefor,in A B,A C, 
& in AD, AE, ſoas they ſhould all meete in the center 
A,and then taking Qghe line of the ſecond denominati- 
onpur it ouer as aparallellin B C, that'it mav be the Baſis 
of the Iſocheles triangle BA C, whoſe ſides A B,A C, 
are equall co A, the hit line of the firſt denomination, 
for ſo the Seftor being thus opencd, the other parallel! 
from D to E. ſhall be the ton nt proportionall which was 
required,andit it be mca{ured with the other lines, it {hal 
be 75zas betore. 

- In both this manner of operations, the two firſt lines 
do ſerue to ope the Sefor to 23 ducanglc, the difference 
betweene them 1s eſpecially this, that in parallell entrance, 
the two lines of the hr{t denomination, are placed in the 
. parallells B,C,D;E,& in. /atterall entranse they are placed 
on both ſides of the Sefor, m A B,AD andin A CAE. 
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Now in Swple ſolution which is begun and ended, vpon 
the ſame kinde of lines,it is allone which of the two latter 

lines be put in the ſecod or third places. As in our exiple | 
we may ſay,as 49 are to 50, ſo 6o ynrto 75,07 elſe as 40/are 
to 60, ſo5ovnto75. And hence it cometh that we may 
enter both with a parrallell,& on the ſides two manner of 
wayes at either entrance,and ſo the moſt part of queſtions 
may 
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The ſe of the linesf Lines; 3 
may be wrought 4 ſeuerall wayes, though in the propo- 
ſirions following , I mention onely that which 1s woſt 
conuenient. Thus much for rhe generall vſe of the SeQor, 


which being conſidered and well vnderſtood;there js no- 
thing hard in that which followeth; 


CHAP, IL 
The woe of the Scale of Lines. 


I. Toſet downe 4 Line, reſembling any gin parts 
or fraction of parts. 


"FF lines of Lines are diuided actually into 100 parts, 
but we haue put onely 10 numbers to them. Theſe 
we would haue toſignifie either themſelues alone, or 
ten times themſelues,or an hundred times themſelnes,or 
a thouſand times themſelues, as the matrerſhall require, 
As if the numbers given be no more then 10; then we 
may thinke the lines onely druided into 16.parts accor- 
ding to the numbersſet to them. Ifchey bemore then 
zo, andnot more then 100, then either line ſhall con- 
caine 100 parts, and the numbersfer by them ſhall be 1n 
value 10. 20. 30. &c. asthey are diuided actually, If yer 
they be more then 100, then cuery part mult be thoughr 
co be divided into x0, and either line ſhall be 1000 parts, 
and the rumbers ſer tothem ſhall be in vaine 100. 200. 
300, and fo forward jb increating rienietues by 10, 
This being preſuppoſed, we may number the parts and 
fraction of parts giacn in the line of le: ; and taking 
out the diſtance with a paire of compaſles, fcc it by, for 
cheline fo taken ſhall reſemble che number gtuen. 

In this manner may we ferdowne aline reſembling 
75, if cither wwe take 75 out ofthe hundred parts, into 
which one of che line of /mes is actually diuzded,and note 
it in A,or 7+. ofthe firſt 10 parts, and note it 2n B,or one- 
ly ;. of one of thoſc hundred parts, and notre it in G, Or 
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[4 The w/e owhe lint of Lines. 

ifthis be eicher to great or to ſmall, we may run a Scale 
ar pleaſure, by opening the compalle to ſome ſmall di- 
ſtance, andrunning itten times ouer, then opening the 
compaſlle to theſe ten, run them over nine times more.& 
ſer figures to them as in this example, and our of this we 
may take wwhar parts we will as before, 

To this cnd I have dmided the line of inches on the 
edge of the Setfor, ſo as one inch containeth $ parts, ano- 
ther 9, another 10, &c. according as they are figured,and 
as they are diſtant from the other end of the Settor,that to 
we might haueche better eſtimate. 


2 Toencreaſe aline in 4 giuen proporiten, 
3 To diminiſh alineinaginen proportion. 


= the line giuen with a paire of compalles, and 
open the Sector, ſo as the fecte ofthe compailes may 
ſtand 1n the points of the number giuen, then keeping 
the Sector at this angle,the parall-lI diſtance of che points 
ofthe number required,ſhall gtue the line ad, 
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Let A, bea line giuen to be increaſed in the proporti- 
on of 3 to 5. Firſt I rake che line £, with the compalles, 
and open the Sefor till I may pur it ouer in the poynts 
of 3 and 3, ſo the paralle!l berweene the poynts of; N4, 
doth giue me thre line B,which was required. 

In likemanner,if B,bea line giuen to be diminiſhedin 
the proportis of 5 to 3,I take the line B & to it open the 
Sefor in the poynts of 5, ſo the parallell betweene the 
points of 3,doth giue me the line A, w':ich wasrequired, 
 Ifchis manner of worke doth not ſuffice, we may mul- 
tiplie or diuide the numbers gen by x, or 2, or 3, &c. 
Ando workg by their numbers equimmwtiplices, as for 3 

E and 
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- The wſe of thz line of Lines. I5 
and 5, wee may open the Sector in 6and 10, orelſe in g 
and 15,orel{cin 12 and 20, or in 15 and25,0rin 18 and 
30. &Cc, | 


4 Todinid: aint into parts gihen. 


Akethelinegiuen, and open the Sector according to 

chelengrh of the ſaid line in the points of the parts, 
wherevato the line ſhould be diuided, then keeping the 
Sector at this »ngle, che parallell diſtance berweene the 
points of I and 1 ſhall diuide the line giuen into the parts 
required, 
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Let AB, be/the line giuen to be dinided into fiue 
parts, firſt I rake this line A B, and to it open the Sector 
in the points of 5 and $5, ſo the parallell betweene the 
pointsof 1 and1,doth give me the line A C, which doth 
diuide it into the parts required, 
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Or letthelikeline A B, be tobe diunided into twenty 
three parts. Firſt I take out the lineand purit ypon the 
Sector in the pointsof 23, then may I by che former pro- 
polition diminiſh itin A C, CD, in the proportion of 
23,to 10, and after that divide the line A C into 10, &c, 
As before, 


5 Tofinae apropertion betweene two or mare 
right lines giuen. 


the 


: þ *Ake the greater line giuen, and according to it open 
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the Sector in the points of 100 and 100, then take the 


' leſſer lines ſeuerally,& carry them parallell to the greater, 


till chey ſtay in like points, ſo the aumber of points 
wherein they ſtay, ſhall ſheyy their proportion vnto 100, 
« 
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Let the lines giuen be AB,CD,firſt I take theline CD, 
& to it open the Sefor in the points of t00,and 100,then 
keeping the Seffor at thisangle,] enter the letler line A B, 
parallel! ro the former, and find it to crofle the lines of 
Lines in the poynts of 60. Wherefore the proportion of 
ABtoCD, is as6o to 100. 

Or if the line C D, be greater then can be put oner in 
the poynts of 100,then I admit the letler line A B,tobe 
£90,C& cutting off CE equalto A B,T find the proportion 
of C E,vnto E D,to be as 100,almoſt ro 67;wherctore this 
way y proportio of AB ynto CD,isas 100 vnto almoſt 167, 

This propoſition may alſo not vnfitly be wrought by 
any other number, that admits ſeuerall diviſions, and 
namely, by the numbers of 60. And ſo the lefler line will 
be found to be 36, which 1s as before in leſſer numbers, 
as 3 vato 5.It may alſo be wrought without opening the 
Seftor.For if the lines between which we ſeek a proporti- 


_ on,be applyed to the lines of Lines,(or any other Scale of 


cquall parts) there will be ſuch proportis Found between 
them, as berweene the lines to which they are equall, 


6 Twolinesbeing giuen to finde athird 
mncontinuall proportion. 


_ place both the lines giuen, on both ſides of the 
Seftor from the Center, and marke the termes of their 
extenſion, then takg out the ſecond line againe, and to 
it openthe SeForzin the terme of the fult line,to keeping 
- : the 
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- Thevwſtofthelis2 ofLines;. 17 
the Sefor at this angle, the parallell diſtance betweene the 
termes of the ſecond line, ſhall be the thyd proportional!, 
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Let the tfyo lines giuen be A B,A C,which I take out and 
place on both fidesof the Sector, ſo asthey all meete in the 
center A, let the:termes of che firit line be B and B, the 
termes of the ſecond C and C, Then doe I rake out A C the 
ſecond line againe, andto ir open the Sector in the termes 
BB. So the 'parallell betweene C and C doth giue me 
the third line 1n continuall proportion. For as A B isvnto 
AC, ſo BB, cquallto AC, is w_ CC, 


7 


The ofeaf the lint of Lines. 


7 Three limes betng, giatn to finde thi fourth 
in diſcoutinuall prop ortion. 


Tre the firſt line and the thirdare to be placed on both 
Heza: of the Sefor from the center, then rake out the ſe- 
cond line, andto ir open the Seffor in the termes of the firit 
line, For ſo keeping the Sefor at this angle, the parallell di/- 
: tance between the termes of the third line,ſhalbe the fourth: 
proporrtio nall. 
Let the threelines given be A, B, C. 
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Firit f take out A and C, and place them on both ſides of 
the Seftor, in AB, A C,and AD, A E,laying the beginning 
of borh linesat the center A,then do I take out B the ſecond 
line, according toit T open the Secter in Band C, the termes 
of the firſt line : ſo the parallell berweene D and E, doth 
gine methe fourth proportionall which was required, 

As an efrithmetiqne , it ſufficerh if the firſt and third num- 
ber gtuen be of one denomination,the ſecond & the fourth 
which is required be of another. For one andthe fame de- 
nomination 1s not required neceſſarily in them all, Som 
Geemerrie, it ſufficech if the ſides A B, AD, reſembling rhe 

| firſt 


The wſe of the line of Lincs. 19 
fir and third lines giuen be meaſured in one Scale, and the 

arallells BC, D E be meaſured in another. Wherefore 
Loc the proportion of A the firſt line, and C the third 
line,by the fitt prop. before. Which 1s here as $ to 12,& deſc@- 
ding in leller numbers 15as4 to 6,or as 2 to 3,01 aſcending in 
greater numbers, as 16 vnto 24, or 18 to 27,0r 20 to 3o, or 
30 to 45,0r 40 to 6o&c. It the Seetor be opened in the points 
of 8 and $8,to the quantrty of B, the ſecondlive giuen, then 
a parallell betweene 12 and 12, ſhall ge D E,the fourth 
line required, So likewiſe it it be opened in 4 andq, ther 
a parallell berweene 6 and 6, or fin 15and 6, then a paral- 
lell betweene 24 and 24 ſhall gine the tame D E. Andfſo in 
the reſt. ; 


8 Todinide a line in ſuch ſort as another line 
fs before dinided. 


| Pane take out the line gruen,which is already diuided,and 
laying it on both ſides of the Sectar from the centerzmarke 
hoxy farre it extendeth. Then take out the ſecond line which 
is to be diuided,and to it open the Sector in the termes of the 
firſt line. Ehþis done, take out the parts of the firit line, and | 
place them alſo on the ſame ſide of the SeFor from the cen- 
ter, For the parallells taken in the rermes of theſe parts, ſhalbe 
the correſpondent parts in the line which is to be diuided. 

Ler A Þ, be aline dinidedin Dand EF, and BC, the line 
which I am to diuide in ſuch fort, as AB is dinided. 

Firſt I take out theline AB, and place it on the line of 
Linesin AB, AC, both from the center A, then take I our 
the ſecond BC, andtoit open the Sector in BandC, thy 
rermes of the firſt line, The Sector thus opened to his dveE 
angle,I take our A D and A E,the parts of the firſt line A 5 
and place them alſo on both the fides of rhe Sector in A D, 
AE, ſorhe parallell DD, gineth me BF, andthe paralletl E ) 
E,gimeth me B G,and now the line B C,is diuided in F & G, 
as 15 the ocher line A B,inD and E, whicly is that whigh wa 
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required, | Þ 
If the lme AB, were longer then one of the ſides of the 

Ruler, then ſhould I inde what proportion it hath to his 

parts A D, AE, andthat knowne I may worke as betore in 

the former propolition, - 


o Two numbers being giuento faidea third 
in coptinuall proportion. 4 


Irſt reckon the two-numbers gtuen on-both ſides of the 
lines of Lines from the center, and marke the termes to 
which either of them extendeth, then take our a line reſem- 
| bling the ſecond number againe, and to it open the Sector 
| in thegermes of che firſt number, forſo keeping the Sector ® © |= 
ar.this angle, the parallell diſtance berweene the termes of 
the ſecond laterall number, . being meaſured in the ſame 
Scale, from whence his parallell was taken, ſhall giue the 
third number proportionall, 

Ler the two numbers giuen be 18, 24, theſe being re- 
ſembled in lines, the worke will be in a manner all one, with 
chat in the fixc Prop. and ſo the third proportionall 
aumber will be found to to be F2, 
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10, Three numbers being giuen to findea fourth 
in diſcontinual proportion. 


hf he ſolution of this propolitiorf, 1s in a manner all one 
with that before in the ſeuenth Prop. onely there 
may be ſome difficulty in placing of the nuamsers. To avoyd 
this, we muſt remember that three number being giuen, 
the queſtion 1s annexed but to one, and this mnft a[lwayes 
be placed in the third place, that which agrees'with this 
third number in denomination, ſhalbe the firlt number, and 
that which remaineth che ſecond number, This being con- 
ſidered, reckon the firſt, and third numbers, which are of the 
Grit denomination on both dides of the lines of Lives fron} 
the center, and marke the termes ro which either of them 
extendeth, then take out a line reſembling the ſecond num- 
ber, and to it open the Sector in the termes of the firſt num- 


' ber, for ſo keeping the Sector at this angle, the parallell dif- 


tance berweene'the termes of the third laterall number, be- 
ing meaſured in the ſame Scafe from whence his pazaltell 
was taken, ſhall giue the fourth number proportionall. 

As ifa queſtion were propoſed in this manner, 10 yards 
coſt$k, ; rs vid may we buy for 120? heere the 
queſtion isannexedto 123 andtherefore it ſhall be the third 
number, and becauſ: $ is ofthe fame denomination, it ſhall 
be che firſt number,then 10 remaining,it muſt betheſecond 
number, ſo will they ſtand in this order, $8, 10,12.Theſe be- 
ing reſembled in lines, the worke will bem a manner the 
fame, with that in the ſenenth Prop. and the fourth pro- 
portionall number will be. found to be 15. For as 8. axe to 
Io, {012 vnto 15. 

And this holdeth in dire& proportion, where, as the frit 
numberis to the ſecond, 1o the third to the fourth. So that it 
the third number be greater then the firſt,the. fourth wilt be 
greater then the ſecond,or if the third number be ietlerhen 
the (firſt, the fourth will be letle then the fecond, but m 
reciprocall proportion, commonly called the Bark rave, 
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where by how much the firſt number 1s greater then the 
third, ſo much the ſecond will belefe then the fourth, or 
by how mnch the firſt number islellc then the third, fo 
much the ſecond will be greater then the fourth, The man- 
ncr of working mult be contrary, that is ; the Sector is to be 
opencd in the termes of che chixd number, and the parallell 
reſembling the number required, 1s to.be found berweene 
she termes of the firſt vumber, the reſt may be obſerued as 
before, as for example, 


If twelue men would raiſe a frame in ten dayes, in how many 
dayes would eight men raiſe the ſame frams ? Here, beeanſe the 
fewer men wonld require the longer tinge, though the number: b+ 
12, 10,8. yet the fonrth proportional! will be found tobe 15j 


So if bo yaras, of three quarters of a yard in bredih , would 
bang round about a roome, aud it were required to know how many 
yards of halfe a yard in breath, would ſerne for the ſame roome. 
The fourth proportionall would be found ta be go. 


So if to wake a foote ſuperficial, 12 inches in bredth doe require 
x2 inches in length, and the breadth bein 'g 1G mmcbes,it were re quired 
ro knowe the length, Here, becauſe the more breath,the le(ſe length, 
the fourth propor tionall wili be found to be 9, 2 


So if to make 4 Solid foote, a baſe of 144 inches, require 18 
anches in height, and a baſe ginen being 216 mches, it were requi- 
red to knowe how many inches it ſhall hane m height, The fogrth 
proportionall would be found to be 8. 


This la& propoſition of _— a fourth proportionall 
number, may be wrought alſo by the lines of Saperficies,and 
by the lincs of So/eds. 


CHAP. III. 
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The ſe of mEFSeFﬀSperficies. 


CHAP, HIT 
The fe of the lines of $ uper ficies. 


t To fizaea proportion betweens two or more like 
Superficies. 


Ake one of the ſides of the greater Swperficies giuen,and 

according toit open the Sector in the points of 100 and 
Too, in the linesof Smperficres, then take the like ſides of the 
lefler Saperficres (eueraily, and carry them parallell to the for- 
mer, till they ftay in like points, ſo the number of points 
wherein chey ſtay, ſhall thew cheir proportion vnto 100, 
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Let AandB, be the lides of like Swperfictes, as the ſides of 
two {quares, or the diameters of two circles, firlt I rake the 
tide A, and to ir open the Sefor 1n the points of 100, chen 
keeping the Sector to this angie, I enter the lefſer fide B, p1- 


.eaflell co che former, and fnce it to croſle the lines of Swper= 


feies in the points of 40, wheretore the proportion of the 
Smperficies, whole fide is A, torhat whole ide 1s B, isas100 
vnro 40, which 1s in letter numbers, as F'vnto 2, 

This propofition might haue beene wrought by 60, or 
any other number char agmirs ſenerall diwmifions. Trmay alfo 
be wrought without opening the Sector, forif the ſides of 
the Super ficies ginen, beapphled to rhe lines of Superficies 
beginning alwayesat the cenrerot rhe Sector, there will be 
fa proporrion found beryeene them, as betweene the 


aumber of parrs whereon they tall, A 
: 2 To 


The wſe of the line of S uperficies. . 


To augment 4Super ficies in aginen Proportion, 
To diminiſh a Super ficies ina ginca Proportion, 


= ke the ſide of the Swperficies, and to it open the Seftoy 
in the points of the numbers giuen ; then keeping the 
Sefor at that angle, the parallell diſtance between the points 
of the number required, ſhall giue rhe like fide of the Super 
fietes required, 
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Let eA bethe ide of a Square to be augmented in the 
_— of 2 to 5. Firſt I take the ſide A, and par it ouer 
in the lines of Swperficier, in 2 and 2;ſo.the parallel between 
5 and 5, doth giue me the {ide B, on which if I ſhould make 
aSquare, it would haue ſuch proportion to the ſquare of A, 
as 5 vnto 2. 

In like maner if B were the ſemidiameter ofa circle to be 
diminiſhed in the proportion ef 5 vnto 2, I would take our 
B, and put it ouer 1h the lines of Saperficzes, in 5 and 5; ſo 
the paralieil betweene 2 and 2, would giue me A; on which 
Semidiameter if I ſhould make a circle,it would be le{Te then 
the circle made ypon the Semidiameter B, in ſach propor 
tion a$2 1s lelle then 5. 

For varietie of worke the like caution may be here ob- 
ſerued ro that which we gaue in the third Prop, of 
Lines. 


UII 6 


To adde onelike Super ficies to another. 
5 To ſabtrat# one like Superfictes from anether. 


Irſt,the proportion betweene like ſides of the Superficies 

given, 1s to: be found by the firſt Prop. of Smperficzes, 
then adde or fubtra&t the numbers of thoſe proportions, 
and accordingly augment or diminiſh by the former 
Prop, 
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Asif 4 and B were the ſide of two Squares, and it were 
required to make athird _— equall to them both, Fufl 
the proportion betweene the ſquares of A and B, would be 
found to be as 190 vnto4o, or 1n the lefſer numbers as5 to 
2; then becauſe 5 and 2 added do make 7, I augment the 
ſide A 1n the proportion of 5 to 7, and produce the fide C, 
j . on which if I == 206p"rag] it will be equall to both the 

ſquares of A and B, which was required. 

In like maner A and B being the ſides of two Squares, if 
it were required to ſubtract the ſquare of B out ofcke {quare 
of A, and to make a fquare equall to the remainder, here 
the proportion being as to 2, becauſe 2 taken our of x. 
the remainder is 3, 1 would diminiſh thelide 4 m the pro- 
portionof5 to3, and ſo] ſhould produce the fide D, on 

n which if [ make a ſquare, fill be equall ro the remainde! 
when the ſquare of B 15 taken out ofthe ſquare of A, that 1s, 

the tyo ſquares made yer B and D, ſhail-be equall co the . 

firit !1quare made ypon the lide : 
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4 To find a meane proportional betweene 
two lines giuen. 


Irſt fad what preportion 1s berweene the lines giuen,. 

as they are lines, by the fifth Prop, of Lives, then 

yopen the Sefor in the lines of Szperficzes, according to his 

number, tothe quancitie of the one, and a parallell take! 

berweene the points of the number belonging to the orhe: 
line ſhall be the meane proportionall. 
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26 The w/e of the line of Superficies, 

Let the lines giuen be 4 and C.The proportion berween 
them as chey are lines wil be found by the fitch Prop.of Lines 
tO be as 4 to y, Wherefore I take the line C, and pur ir over 
1m the lines of Saperfictes betwecne 9 and 9, and keeping 
the Seftor at this angle, his parallel] berweene 4 and 4 doth 
give me B for rhe meane proportionall. Then tor proofe of 
the operation I may take this line B,and piit1t ouer between 


9 and 9: ſo his parallel berween 4 and 4,ſhall giue me the firſt 


linc A.Whereby it 1s plaine thac theſe chree lines do hold in 


conti11wall proportionzand therefore Bis a meane proportto- * 


nall berwecne A and C the excremes giuen. 
Vpon the finding out of this meane proportion depend 
many Corollartes, as 


To makea Square equall to a Superficies ginen. 


I the Saperficies gruen be a reftangle parallellogram , a 
meane proportionall berwcene the two vnequal {ides ſhall 
be the lide of his cquall ſquare, 

If it ſhall be a rriangle,a meane proportion berweene the 
perpendicular and halte the baſe ſhal be the ſide of his equal 
{quare. If it ſhall be any other right-lined figure, it may be 
re{olued into triangles,and fo a fide of a ſquare found cquall 
to every triangle; and cheſe being reduced into one equal] 
fquare, it ſhall be equall co the whole rjght-lned figure 
gen, 


To finde 4 proportion between: Super ficies, though they be 
w:ilike one to the other, 


| bt to euery Super ficies we find the ſide of his equall ſquarg 
che proportion berweene theſe ſquares, ſhall be the pro- 
portion betweene the Swperficies giuen, 


Let 
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| Let the Swperficies gruen, be the oblonge 4, and the tri- 
angle B. Firſt between the vnequall ſides of A,I find a meane 
proportionall, and note itin C - this is the ſide of a ſquare 
cquall vnto A. Then betweene the prependicular, of B, arid 
halfe his baſe, I inde a meane proportionall, and note it in 
B: this 1s the (ide of a Square equall to B: but the propor- 
tion between the {quares of Cand B, will be found by the 
firſt Prop. of Swperfictes to be as 5 to q: and therefore this is the 
proportion berwene thoſe giuen Swperficies. 


To make 4 _—_— like to one Super ficies 
and equall to another. 


Et the one Swperficies giuen be the triangle A, and the o- 
ther the Rhowmwboides B;and let it be required romake an- 
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28 The woſe of the line of  Superficies. 
other Rhemboides like to B,and equall to the triangle A, 

Firſt between the perpendicular and the baſe of B,] find 
2 meane proportionall, and note it 1n B, as che ſide of his e- 
quall ſquare: then berweene the perpendicular of che tri- 
angle A,and halfe his baſe, I'find a meane proportionall,and 
- nore it in A,as the fide of his equall ſquare. Wherefore now 
as the ſide B 15, to the fide A, fo ſhall the (ides of the Rhom- 
boides giuen be to C and D, the ſides of the Romboidesre- 
quired,& his pendicularalſo to Z,the perpedicularrequired, 

Hauing the ſides and the perpendicular, I may frame the 
Rhomboides vp, and it will be equall tothe triangle A. 

If the Saperficies giuen had been any other. right-lined 
figures, they might haue been reſolucd into triangles,. and 
then brought into ſquares as before. _ . 

Many ſuch Corollaries might haue been annexed, but the 
meanes of finding a meane proportionall being knoywne, 
they all follow of themſelues. : 


2 To finde a meane propertionall bet weene two 
numbers ginen.. 


®Tr{t reckon the ewo numbers gmen on both ſides of the 
'Lines of Seperficies, from the center, and mark the termes 
whereunto they extend; then take a4ine our of che Line of 

Lines, or any other ſcale of equali parts reſembling one of 
choie numbers giuen , and pur. it oucr in the termes of his 
iikenumber in the lines of Szperficzes ; for fo keeping the 
Seftor at this angic, the parallell raken from the.termes of the 
other number and meaſured in the tame ſcale from which 
the other parallel] was taken, ſhallhere {hew the meane pro- 

portionall which was required. | 

Let.the numbers gmen be 4 and 9.-If I fhalttake the line 
A, in the Diagram of the fixt Prop. reſembling 4 in a ſcale 
of equall parts, and to it open the Seffor in the termes of 
4 and 4,n thelines of Saperficzes, his parallell berweene 9g 
and 9 doth gineme B for the meane proportionall, And 
*his mealurediv the ſcale of equall parts doth extend to 6, 
© | which 
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which is the meane proportionall number between 4 and 9. 
For as 4 to6, ſo 6 tog., 

In lixe maner if I-take the line C, reſembling 9 in aſcale 
of equalt parts, and to it 07en the Seftor in the terines of 9 
and 9, the lines of Saperficies, his parallell between 4 and 4 
doth gme me the ſame line B, which will proue to be 6, as 
— if ir be meaſured in the ſame. {ſcale whence D was . 
taken. 


8 To findthe ſquare rote of a number. 
9. The vote being giutn 10 find the ſquare num-: 
berof that roote. 


N che extraction of a ſquare roote it 1s vſuall to ſet pricks 

vnder the firft figure, the third, the fifch,che ſeuench, and 
ſo forward, beginning from the-right hand toward the lett, 
and as many pricks as fall to-be ynder the ſquare number gi-" 
uen,{o many figuresſhi!l be in the roote : ſo that if the num- 
ber ginen be letſe then 100, the roote ſhall -be only of one 
figure; if letle then 10000, it ſhall be burrwo figures; it lefle 
then 1000900, it ſhall be three figures, &c. 

Thereupon the lines of Saperfies arc divided frit into av 
hundred parts,and if the number giuen be greacer then Ioo, 
rhe firtt dinion (which before did fignihe only one) muſt 
ſignifi 200, and che whole line ſhall be 20000 parcs: if yer 
tic number gmei be greater then 10009, the firtt diuilto! 
mult now fignifie 10090, andthe waole line. be eſteeinzd ar 
1000000 parts: and !tthisbe too little ro expretie-rhe num 
ber.giuen, as oft as we haue recourſe to the beginning, the 
whole line ſhall increaſe 1t felte an hundred rimes. 

By this meanes if rhe laſt pricke to the lefr han 1'{h111 fall 
vnder the lait Ggure, which will be as oft-as there be odde ti- 

ures, the number given thall fall our .berweene che center 
of the Sefor and the tenth diuifion : bur if the lalt prics fall 
failyndetrhe lait Ggure but one,which will be as ofr as there 
be euen figures , ; 26 che number given ſhall fall our Þe- 
tweene thetcath dition and the end of the Sector, | 

; *E. 3 NS Thes 


20 The vſeofthelint of Superficies. 

This being conſidered, when a number is giuen and: the 
ſquare roote 1s required, take a paire of compalles and ſetting 
one foote in the center, extend the other to the terme of the 
number giuen in one of the lines of Superficies; for this di- 


ſtance applied to one of the Lines of Eves, ſhall ſhew whar 


the Square roote is, without opening the Selfor. | 

Thus 64 doth giue a roote of 8, and 860 a roote of almoſt 
19, and 1296 a roote of 36, and 7056 a roote of $4, and 
62500 aroote of 250, and 714000 a roote of abour 845, and 
{o 1n the reſt. | 

On-che contrary, a number given may be ſquared, if firtt 
we extend the compalles to the number giuen 1 the lines of 
Lines, and then apply the diſtance co the Lines of Swperficies, 
as may appeare by the former examples. 


1o Three nambers being giuen to find the fourth 
in a duplicated preportion. 


T is plaine by che 19 and 20 Prop.6. Zib.of Exclid, thar like 


Superficies do hold in a duplicated proportion of their ho- 
mologall ſides, whereupon aqneſtion being moued concer- 
ning Swperficies and their fides. It is yiuall in Arith- 
merticke that che proportion be firſt duplicated before the 
queſtion be reſolued, which is nor neceſlarie in the vſe of 
the Seftor, only the numbers which do lignifie Swperficies 
muſt be reckoned in the lines of Swperficies , and they which 
ſignifie the lides of Swperficies, in the lines of Lines, after 
this maner. 

If a queſtion be made concerning a Swperficies , the two 
numbers of the firſt denomination mult be reckoned in the 
lines of Lines, and the Sefor opened in the termes of the firſt 
number to the quantirie of a ine outof the ſcale of Supey- 
ficies reſembling the ſecond number ; to his parallels taken 
berweene the termes of the third number , being meaſured 
in che ſame ſcale of Swperficies, ſhall giue the Superficial! 
number which was required. Mn 

Asif aSquare,whols lide is fortie perches in length, ſhall 
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*containe ten acres in the Swperficies, and it be required to 
know how many acres the Square ſhould contain, whoſe fide 
1s lixtie perches, | 

Here1fI rooke 10 out of the line of Swperſictes, and put it 
oncrin 40 in the lines of Lines, his paraileJl between 60 and 
609 meatured in the line of Swperfic:es, would be 222; and 
ſuch is re number-of acres required . For Squares do hold 

' in a duplicated proportion of theirfides ; d_ when 
che proportion of their (ides is as 4 co 6, and 4 mulciplied 
into4 become 16, and 6 multiplied into 6 become 36, the 
proporcion of their ſquares ſhall be as 16 to 36; and ſuch is 
che proportion of 20 to 22 +. 

It a field meaſured with a ſtatute perch of 26 £ foote, ſhall 
containe 288 acres, -and it be required to know how many 
acresir would contaiffe if it were meaſured with a wood- 
landperch of 18 ftoote, | 

Here becauſe the proportion is reciprocall, if I tooke 288 
our of the line of Swperficres,and put it ouer in 18,in thelines 
of Lines, his parallell betweene 16% and 165 meaſured in 
the line of Swperficies,vrould be 242; and fuch 1s the number 
of acres required. 

For {ceing the proportion of tlie ſides isa$ 16 to 18, or in 
leſſer numbers asIr to 22, and that 31 multiplied into 1: 
become 121, and 12 into 12 become 144; the propottion oj 
theſe Super ficies ſhall be asa 121 to 144, and ſo haue 288 to 
242, In reciprecall proportion. 

On the contrary, if a queſtion be propoſed concerning 
the {ide of a Superficies, the two numbers of the firit deno- 
mination mutt be reckoned in the lines of Sxperficies,and che 
Seftor openedin che termes of che firftnumber,co rhe quan- 
eicte of a line,our of the line of Lenes,orfome Scale of equall 
parts,refembling the ſecond number ; ſo his parallel] caker, 
between the cermes of the third number being meafured in 

the ſame ſcale with the ſecond number, ſhal gue the fourth 

number required, 
\Asif a _ contained 288 acres when it was meafured 
wich a ſtature Wh of 26 ©, and being meaſured with ano- 
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ther perch,was foundto containe 242 acres,it were required 

to know what wasthe length of the perch with which it was 

to meaſured, | 

Here becauſe the proportion 1s reciprocall, if I tooke 16 £ 
out of the line of Lexes, and put it ouer in 242 in the lines 
of Swper ficies,his parallel] betweene 288 and 288,heing mea- 
ſured in the line of Lines,would be 18,and{uch 1s the lengrh 
of the perch 1n foote whereby the field was laſt meaſured, 

For ſeeing the proportion of the acres is as 288 ynta 242, 
orin the leaſt numbers as 144 to 121, andthat the roote of 
T44 1s 12, and the root of 121 is r1, the proportion of roots 
and con{equently of the perches thall be as12 to 11, andio 
are 165 to-18, in reciprocall proportion, | ; 

If 360 men were to be ſet in torme of a long {quare;whote. _;x 
ſidesſhall hauec the proportion of 5 to $;zand ir were required | 
to know the number of men to be placed in front and file: 
if the {1des were onely.5'and 8, there ſhould be but 4o men; 
but rhere are 360: therefore working as before,I find chat 


». 


As 4o to the ſquarcof 5, 
ſo 360 to the {quare of 15. 


As40 to the ſquare of 8, 
ſo 360 to the ſquare of 24. 


and ſo-15 and:24 are the'fides required, 


If x00 men were lodged in aſl . ay" ground, whoſe {ide 
were 60 paces, and it were required to know the ſide of the 
ſquare wherein 5000 might be ſo lodged, here working as 
before, I ſhould find that 


AS 1000 are to the ſquare of 60; 
ſo 5000 tothe ſquare of 134. 


And ſuch very neare is the aumber of paces required. 


CHAP. 


The ws of the line of Solids: 
CHAP. IV. 
Theme of the lines of Solids. 


To fradeaproportion betweene twoor more like Solids: 


N the Sphere, in regular, parallell, and other like bodies, 
whoſe {1des next the equall angles are proportionall, the 
worke is in a manner theſame, with that in che firſt Prop. of - 

Swperficier, bur that it is wrought on orher lines, 
Take one of the ſides of the greater Soha, & according to 
it open the Seffor in the points of 1000 and 1000,in the lines 
/ of Solrds, then take the like ſides of the leſſer Solids ſeuer- 
/ ally, and carry them parallell co the former, till they ſtay in 
like points, ſo the number of points wherein they ſtay, ſhall 
ſhew their proportion to 1000, 


| 1000 
gt . £090 


DB + 


Let Aand B, be the like ſides of like Solids, either the di- 
ameters, or ſemidiameters of two ſpheres, or the ſides of two 
cubes, orother like. Firſt I take the ſide X, and to it open 
the Sector in the points of 2000, then keeping the Sector at, 
this angle, I enter the leſſer (ide B, parallell tothe former, . 
and -finde it ro croflethe line of Solids in the points of qoo, 
and ſuch is the proportion betweene the Solids required, 
which in leſſer number isas 5 to 2. | 

This propoſition mighr have beene wrought by 60, or 
any other number that admitsſeuerall diuiſions. 

It may alſo be wrought without opening che Sector, for if 
the ſides of the Solids | Es applied to the lines of Solids, 
Cemmng allwayesat the center of the Sefor, there will be 
ſuch proportion betweene them, as betweene the numbers 
of parts whereon they fall, 
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2 Todugm-nt4 Solidin a giuen proportion. 
3 Todiminiſh a Solid in a giuen properiion. 


Ake the ſide of the Solid given, and to.it open the 

Sector, in thepoints of the number giuen : then keep- 
ing the SeCtor at bo angle, the parallell diſtance bet weene 
the points of the number required, ſhall giue the like {ide of 
the Solid required. 

If itbe a parellelcopipedow, or ſome irregular Solid, the 
other like ſides may be found our in the ſame manner, and 
with them the Solids required, may be made vp with the 
ſame angles. 
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Let Abe the ide of a cube, ro be augmented in the pro- 
ortion of 2 to3. Firſt I cake thelide A, and put it over in 
the lines of Solrds in 2 and 2, ſo the parallell betweene 3 and 
3,doth giue methelſide-B, on which if I make a cube, it will 
hane ſuch proportion to the cube of A, as 3 to 2. 

In like manner, it B were the diameter of a Sphere, to be 
diminyhed in che proportion of 3 to 2, I would take out B, 
and put it ouer in the lines of Solids, in 3 and 3, fo the pa- 
rallell betweene 2 and 2, would giue me A : to which dia- 
meter if I ſhould makea Sphere, it would be letTe then the 
Sphere, whoſe diameter is B, in ſuch proportion as 2 is lefle 
then 3. 

_ - Herealſo forvariety of worke, may the like caution be 
obſerued to that which we gaue in the tiard Prop, of Lines, 


4 Toaddeonelike S:lid to another. 
5 Toſubtratt one like Solid from another. 


Irſt the proportion berweene the ſides of the like Solids 
g1uen, 15to be found by the firit Prop. of So{zds ; chen adde 


or 
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or ſubtract thoſe proportions, and accordingly augment or 
diminiſh by the former Prop. 
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As if 4andB were theſidesof two cubes, and it were re- 
quiredrco make a third cube equall to chem both : firſt the 
proportion berweene the lides A and B, would be found ts 
be as 100 to 40, orin letler termes as 5 to 2. Then becauſe 5 
and 2 being added do make 7, I augment the ſide A in the 
proportion of 5 to 7, and produce the fide C, on which if I 
make a cube, it will be equall ro both the cubes of A and B, 
which was r2quired, 

Inlike maner A and B being the fides of two cubes, if it 
were required :0 ſubtract the cube of B out of the cube of 
A,and to make a cube equal to the remainder, Here the pro- 
. portion being as 5 to 2,becaule 2 taken out of 5,the remain- 
der 1s 3, I ſhould diminyſh the fide A in the proportion of 5 
ro 3, and ſo I ſhould have the {tde D, on which if I make a 
cube,it will be equall to the remainder when the cube of B 
15 taken out of the cube of A, that is the two cubes made vp- 


-_ I D, ſhallbe <quall to the firſt cube made vpon the 
de A. 


6 To find two meant proportional lines betweene 
two extreme lines £intibe 


E Ir{t I find what PRI_ 1s betweene the two extreme 
lines gen as they are lines, by the fifth Prop. of Lines, 
then open the Setter in che lines of Solids, to the quantitie of 
the former extreme , anda parallell betweene the points of 
the number belonging to the other extreme, ſhall be that 
meane proportionall which 1s next the former extr:me. This 
done, open tne Settor againe to thismeane proporcionall in 
the points of the tormerextreme , and the parallell diſtance 
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berweene the points of the latrer extreme, ſhall be the other 
mecane proportionall required, 
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Let the two extreme lines giuen be A and. the propox- 
tion berweene them,as they are lines, will be found to be as 
27 to 8, Wherefore | take the line A, and pur it ouer in the 
lines of Solids berweene 27 and 27, and keeping the Sefgr 
at this angle, his parallell berweene 8 and8,doth giue me B, 
the meane proportionall next vnto A. Then pur I ouer this 
line B,berwcene the aforeſaid 27 and 27,and his parallell be- 
eweene$ and$ doth giue me the line C, the other meane 
proportionall which was required. 

Againe, for proofe of the operation I pur ouer this tine C 
m the forefaid 27 and 27, and hisparallell betiveen $ and 8 


doth giue me the yery line D:whereby it is plaine that theſe . 


foure lines do hold in continuall proportion;and fo B and C 
are found to be the meane proportionals betweene A and D 
the extremes giuen. 


7 To find two meane propertionall numbers 
between two extreme numbers giuen. 


Irſt reckon the numbers-giuen on both ſides of the lines 
Forge, beginning from the center, and marking the 
termes whereto they extend: then take a line out of the line 
of Lines,or any.other ſcale of equall parts reſembling the for- 
mer of thoſe numbers, and put it ouer in the lines of So/;d;, 
berweene the points of his Iike number, and a parallell be- 
tweene the points belonging to-the other extreme,meaſured 
in the ſcale from whence the orher parallell wastaken, ſhall 
give that meane proportionall number which is next the 
former extreme . Thus done, open the Sefor againe ro this 
meane proportionall inthe points of the former extreame, 


and 


 Thewoftof the line of Solids: 27 
2nd the parallell diſtance betweene the points of the larrer 
extteame, meaſured in the fame ſcale as before, ſhall there 
ſhew the other meane proportionall required. 
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Let the two extreame numbers giuen be 275 and 3; if I 
ſhall rake the line A,reſembling 27 in a ſcale of equall parts, 
and to it open the Sefor in 27 and 27, in the line of Solid, 
his parallell berweene 8 and 8 doth gine me B for his next 
meane proportionall, and rhis meaſured in the former ſcale 
doth extend to 18. Then pur I ouer this line B between the 
aforeſaid 27 and 27, and his parallell berween 8 and 8 doth 
gue me C forthe other meane proportionall, and this mea- 
{ured in the former ſcale doth extend to 12. Againe, for 
proofe of my worke,[ put ouer this line C betweene 27 and 
27, as before, and his parallel] berweene 8 and 8 doth giue 
me D, which meaſured in the former ſcale doth extend to 8, 
which was the latter extreame number giuen; whereby ir is 
plaine that theſe foure numbers do hold in continuall pro- 
portion : and therefore 18 and*12 are meane proportionals 
berweene 27 and 8,which was required. 


8 To finde the cubique roote of 4 number, 
g Theroote berng giuento  finde the cube number. 
of that roote. 


F the extraction of a cubique root, it 15 vſnall to ſer pricks 
ynder rhe firſt hgnre, the fourth, the {euenth, che trench, 
and fo forward, omitting two, and pricking the third from 
the righchand toward the left;zand as many pricks as fall ro be 
vnder the cubique number, fo many figur-s ſhall be 1n the 
roote..Sa that if the number gnten 'be letle rhen 1000; the 
roote ſhall be only of one figure; .if le!le then 1000000, ir 
ſhall be but of two figures ; if aboue cheſe, and letle then 
1900900000, it ſhall be but three figures ; &c. whereupon 

F ? $1: 
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the lines of Solids are diuided, firſt into roo parts, and if the 
numbers giuen be greaterthe 1000;the firſt diuiſjion(wheih 
before dF Gonifie onely one) muſt ſignifie 1000, and che 
whole line ſhall be rooocoo : if yet the number giuen be 
greater then 100co000, the firſt duifſon muſt now lignifie 
1000009, and the whole line be eſteemed at' toooocooon 
par:s, and if theſe be to little to expretle the numbers giuen, 
as oft as wes haue recourleto the begining, the whole line 
ſhall encreale it ſelte a thouſand times, 

By cheſe meanecs,if the laſt pricke, to the left hand, ſhall {ail 
vnder the laſt fignre, the number giuen ſhall be reckoned 
at the beginning of the lines of Solids, from 1 to 10, and the 
firlt gure of the roote ſhall be alwayes either 1, or 2. If the 
laſt pricke ſhall fall vnder the laſt figure but one, then the 
number g1iuen ſhall be reckoned in . nuddle of the line of 
Solids, berweene 10 and 1oo, and the firſt figure of the roote 
ſhall be alwayes either2, or 3, org. Bur if the laſt pricke 
ſhall fall vnder the laſt figure bur two, then the number gi- 
uen; ſhall be reckoned at the end of the line of Solids, be- 
tweene Ico, and 1000, 

This being conſidered when a number is giuen, and the 
cubique roote required : Set one toote of . compatles in 
the ccnter of the Sector,extend the other in the line of So/ds, 
tothe points of the number giuen : for this diſtance applied 
to one of the line of Lines,ſhall ſhew what the cubique rooce 

/ 1s, without opening the Seftor, 


So the neareſt roote of 8490000, is about 204, 
The neareſt roote of 84900000, 1s about 439. 
The neareſt roote of 849000000, 1s about 947. 


On the contrary, 2 number may be cubed, iffirit we ex- 
rend the compalles to the number giuen, in the line of | 
Lixes, and then apply the diſtance to the lines of So/ids ; as 
may appeare by the former examples, 
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Ig Three wumbers berng giuen to firde « fourth in a 
Friplicated proportion, 


S like Swperficies do hold in a duplicated proportion, 
{o like (ſolids in a triplicated proportion of their homo- 
logall ſides: and therefore che ſame worke is to be obſerned 
here on the lines of Solids, as before in the lines of Smwperfi- 
cies; as may appeare by theſe rwo examples, 
If a cube whoſe {ide 15 4 inches, ſhall be 7 pound weight, 
and it be required to know the wzight of a cube whole lide 
is 7 inches; here the proportion would be, + 


A$4aretoa cube of 7: 
ſo 7 toa cube of 37 ;- 


And if I tooke 7 out of the lines of Solids, and put it ouer 
in 4 and 4,in the lines of Lines, his parallel! between 7 and - 
meaſured in the lines of Solids, would be 37 <; and ſuch is 
rhe weight required, 

If a bullet of 27 pound weight haue a diameter of 6 in- 
ches, and it be required to know the diameter of the like 
bullet, whoſe weight 1s 125 pounds z here the proportion 
would be, 

As the cubique root of 27 1s ynto 6: 
ſo the cubique root of 125 1s ynto 10. 


And if I tooke 6 out of the line of Lines, and put it ouer 
in 27 and 27 of the lines of Solas, his parallell berweene 125 
and12g meaſured in theline of Lines,would be 10; and ſuch 
is the length of the diameter required, | 


The end of the firſt baoke, * 
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CHAP. L 


Of the nature of Sines, Chords, Tangents and 
Secants , fit to be knowne before hand 
in reference to right-line Triangles. 


N the Canon of Triangles, a circle is commonly di. 
uided into 360 degrees, each degree into 60 minntes, 
each minute into 60 (econds. | 
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A ſemicircle therefore is an arke of x80 gr, 
G A 


—_— 


ly” "4h 


-” 


- 


0 a + day bas $2. 4s + + #30 1 By, apo Apa Y 
p 0 


42 Of the nature of Sines and Tangents. 


A quadrant isanarke of go gr. 
he meaſure of an angle 1s the arke of a circle, deſcribed 
our of the angular point,intercepted betweene the {ides.{uf- 
Eciently produced, Lo | 
Sg the meaſure of a right angle 1s alwayes an arke of 96 
ry, and in this example the meaſure of theangleB AD is 
ihe arkeB C of 40 gr;the meaſure ottheangleB AG, is the 
ark- BÞ F 0550; 
The og: p £n8ent Of an arke or of an angle doth coming- 


che avgle B A F,whoſe meaſure 1s B F,is che complement of 


drant. 

The proportions which theſe arkes (being the meaſure; 
of angles)haue to the ſides of a triangle,cannot be cerraine, 
vnlcile that vhich is crooked be brought to a ſtrajghe lines 
and that may be done bythe application of Chords, Right 
Sines, verſed Sines, Tangents and Secants, to the ſemidiameter 
of a circle, 

A Chordat is a right line ſubtending an arke; ſo B E is the 
chorde of the rke BCZ, andB # a chorde of the arke 
BF. 

A right Size is halte th:e chorde of che double arke,viz.the 
righthne which falleth perpendicularly frour the one: ex- 
treme of the giuen arke, vpon the diameter drayyne to the 
other extreme of the ſaid arke, 

Sort the giuen arke be B C, or the giuen angle be BAC, 
let the diameter be drawne througit the center A yuro C; 
and a perpendicular B D be let downe from the extreme B, 
ypon AC; this perpendicular B D' ſhall be the right fre 
voth of thearke & C, andalſo of theangleB AC: and it is 

alſo 
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alſo the halfe ofthe chord B E, fubrending thearke BCE, 
which is double to the giuen arxe BC, Inlike maner, the 
ſemidiameter F A, is the right fine of the arke F C,and of the 
rightangle FA QC; forirfalleth perpendicularly vpon A C, 
andir is the halfe ofthe chord F H, 

This whole Sine of 90 gr. 1s hereafter called Radius ; bur 
the other Sjnes take their denonunation from the degrees 
and minutes of cheir arks. | 

Sin ver/ts, the verſed ſine is a ſegment of the diameter,in- 
tercepted beriweene the 7ight fine of the ſame arke, andthe 
circumference of the circle, SoD C is the verſed ſize of the 
arke C B, and GF the verſed ſine of thearke B F, and G H 
the verſed /ine of thearke B H. | 

A Tangent 35A right line perpendicular to the diameter, 
drawne by the one extreme of the ginen arke, and termina- 
red by the ſecart drawne from the center through the 0- 
ther extreme of the ſaid arke, 

A Seeant iS a right line drawne from the center, chrougl: 
one extreme of the giuen arke, till it meete with the rangent 
raiſed from the diameter at the other extremg of the ſaid 
arke.1 

So if the ginen arke be C E, orthe giuvenangle be CAE, 
ler the diameter be drawne through the center A ro C, and 
in Cto AC, be raiſcd a perpendicular CI, Then let ano- 
therline bedrawne from the center A through E,till irmeet 
with the perpendicular, CI in I; theline CI is a Tas 
gent, and A I isthe Secant both of the arke CE, and of the 
angle CAE, 


CHAP. 
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CHAP. IL 
Of the generall oſe of Sines and Tangents. 


1 The Radius bring knowne toe find the right [ine 
of any arke or angle. 


- the Radius of the circle ginen be equall to the lateral} 
Radius,char 1s,to the whole linc of Sizes on the Sefor,there 
n<eds no farther worke, bur to take che other lines alto our 
of che {ide of the Sefor, Bur if 1t be either greater or lefler, 
then ler it be made a parallell Radius, by applying it ouer in 
the bnes of Simes,bctweene go and go; ſo the parallell raken 
from the like laterall (ines,ſhall be the ſine required. 

As if the giuen Radius be A C, and it were required to find 
the line of 50 Gr.& his complement agreeable to that radms, 2 
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Let AB, AB repreſent the lines of fmet on the Seftor, and 
ict B B, the diſtance betwee ne 90 and 90, be cquall co the 


giuen 
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giuen radins A C. Here the lines A 45, A 50, A 90, may be 
called the /atera!! fines of 40,50,8 gozm regard of their place 
on the lides of the Sefor, Th lines betweene 40 and qo, be- 
rweene59 and 50, betweene yo and go, may be cailed the 
paraliell ines 0:40,50,and 90; in regard they are parallel one 
to the other. The whole tine of go Gr. here ſtanding for the 
ſemidiametrer of the circle, may be called rhe Radius, And 
therefore if A C be put outr in the line of Sizes in 90 and go, 

and ſo made a paralle! rad: us, his parallell fine berweene 50 

and 50, ſhall be B D, che fine of 50 required; And becauſe 
50 taken out'of go, the complement 1s 40;hts parallel! fine be- 
tiyeene 40 and qo, ſhall be B G, the line of the complement 
which was required. 


2 The right ſine of any arke being giuen 
to flnde the Raging, 


Vrne the ſine giuen into a parallel] ſine, and his parat- 
lell Raaws ſhall be the Radins required, 

As if BD werethe giucn line of 50 Gr.and it were requi- 
red to tinde the Radius: ler B D be made a parallel! line of 
50 Gr.by applying it ouer in the lines of Sizes, berweene 50 
and 50; fo his parailell Radinsberweene go and 9o {hall be 
AC, the Radius required. 


3 The Radius of 4 circle, or the right Sine of any arke 
being giuen, anda ſtreight line reſembling « Sine, 
to find the quantitie of that unkuowne Sine, 


T Ecr the Radius or right line giuen be turned into his pa- 

rallell; chen take the righc line giuen,and carrie it paral- 
tell co the tormer, till it ſtay in like Sines: fo the number of 
degrees and minutes where it ftayeth,thallgme the quanricie 
ofthe Sine required, 

As if BD were the giuen line of 50 Gy. and B G the 
ſtreighr line giuen: firit I make BD a parallel line of 50 Gr; 
then keeping the Seor at this angle, I carie the line B G 
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parallell, and find it to ſtay in no other but 40 and 40; and 
therefore qo gr. ts his quantitie required, | 


4 The Radine or any right Sine being giuen, b9 finde 
the verſed int of any arke, 


FT F'the-arke, whoſe verſed fine 15 required, be leile hea the 

quadranr, take the fine of the complement out of rhe ra- 
dius, and the remainder ſhall be the fins verſe, the veried 
fine of that arke, 

As if A B being the laterall Radiws, it were required to find 
to find the verſed line of 40 gr; here the ſine of the com» 
plement 15 A 50, and therefore B 5o is the verſed ſine requi- 
red. Or if I reckon from B,at the end of the Seor, toward 
the center, the diſtance from. ge to B80, is the verſed ſine of 
IO gr; from 90 to 70,the veried ine of. 20 gr; from go to bo, 


. 15 the verſed (ine of 30 gr; and ſo:1nthe reſt. 


If A D be che giuen ſe of 5o gr.and it be required to find 
the verſed ſine of 5o gr; here becauſe A D isvnequall to the 
laterall ſine of 50 gr, I make it a parallell. And firit I £ndche 
radius A C; then the ſince of the complement A 4o, which 
being taken out of 'A C, leaueth C qo for the verijed line 
cf 50 gr. which was required. 

But if the arke,whoſe verſed fine is required, be greater 
then the quadrant, his verſed line alſo 15s greater then the 
Radirs, by the right line of his excelle aboue go gr. 

As if A C being the Radius gwen,it were required to find 
the verſed (inc of 130 gr: here theexccfle aboue go gy. is 40 
gr; and thexeforeythe verſed fine requared js equall rothe Ra- 
dius A C and A 40, both being ſet together, 

\g 
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5 The Diameter or Radius being ginen to finde 
the Chords of euery arke. 


The fines may befitted many wayes to ſerue for chords, 
1 A ſne being the halfe of the chord of the double arke, 
if the ne be doubled, it giucth the chord ofthe double ark, 
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a Sine of 10 gr.doubled giueth a Chord of 20gr; and a Sire 
of I5 gr. being doubled; giuerh a Chord of 3o gr; andſo in 
the reſt. As here B D,the ſine of B C,an arke of 49 gr.being 
doubled giuerh B E the chord of B C E, which 1s an arke of 
$ogr, Wherefore if the Radius of the circle gruen be equall 
to the laterall Radius;le: the Sefor be opened neare vnto his 
lengrh, ſorhar both the lines of Sines may make but one di- 
rect line: fo the diſtance on rhe fines. berweene ro and 10, 
ſhall be a chord of 20;the diſtance betweene 20 and 20, ſhall - 
be a chord of 40; andthe diftance betweene 3o and 30, ſhall . 
be a chord of 60; and fo 1n the reſt, 
2 Becauſe a line is the halfe of the chord of the double 
arxe, tne proportion holdeth, 
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As the diameter F H vnto the. radivs A H'; ſothe chord 
BE vntothe line DE, orthe chord G L voto the fine AL: 
and then if the radius A H, be put for the ciameter, which 
:3Sachord of x80 gr, the ſine. DE or A L ſhall ſerue for 2 
chord of 80 gr, andthe {emiradius which is theſine of 30 gr, 
fall ſerue for a chord of '60. gr, and go forthe ſemidiameter 
of acircle, and ſoin the reſt.So that by theſe nreanes we ſhall 
not need to double the lines of Sines as before, but onely to 
double the numbers. And to this purpoſe Ihwe fubdiuided 
each 
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cach degree of the ſines into two, that ſo they might the 
how far the halfe was en do reach in the ſines, and yet ſtand 
for whole degrees when they are vied as chords, \ 

Wherefore if the Radius of the circle giuen be equall to 
the lateral ſemiradius(rhe ſine of 30 Gr.and chord of &o Gr.) 
there needs no tarther work then to take the fine of x0 Gy, . 
tor a chord of 20 Gr, anda ſine of 15 Gr.ior a chord of 30 Gr, 
GC. 

Bur if the Radius of the circle giuen be either greater or 
lefſer then the larerall ſemiradivs, take the diameter of it,and 
make it a parallell chord of 180 Gr.by applying it ouer the 
lines of Sizes berween go and 9go:or take the Radius or Semi- 
diameter which is equall to the chord of 60 Gr, and make it 
a parallell Radius of 60 Gr. by applying it ouer in the {ines of 

3o and 3o, and keepe the SeQor at this angle. The parallels 
taken frum the laterall chords ſhall be the chords requi- 
red. 

As if the diameter of a circle given were the line AB, 
and it were required to find the chord of 80 gr: firlt. I make 
AB a parallell chord of 180 Gr. or the halte of it a parallell 
chord of 60 Gr; ſo his parallell L G doth gue me FG the 
chord of 80 Gr.which was required, 

3 Seeing thart as theſine of the complement of the halfe 
arke is vnto the Radiws, fo the line of the ſame whole arke 
is vato the chord of it: if we ſecke bur for one ſingle chord, 
we may finde it without cither doubling the lines, or dou- 
bling the number. For applying over the Radius giuert in 
the {ine of the complement of halfethe arke required, his pa- 
rallell ſine ſhall be the chord required. _ 

As if the ſemidiameter of the circle giuen were A C, and 
it were required to find the chord of qoGr:the halfe of 4o Gr. 
is 20 Gyr. x wh complement of 20 Gr.1s 70 Cr. Wheretore I 
make 4 C a parallel! ſine of 70 Gr. and his parallell ſine G L 
doth giue me F G the chord of 40 Gr.agrceable to the ſemi- 


diameter A C. 
6 The 
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6 The chord of any arte being giuen to find the 
diameter and Radius, 


Vrae the chord giuen vnto a parallell chord,and his pa- 
ra!lell femiradws ſhall be the ſemidiameter, andthe pa- 
ralle!! radins ſhall be che diameter, 

Asif F G be the chord of $0 gr: I put this ouer in G and 
L., the fine of 40, and chora of 80 gr. and the parallell chord 
of 180 gr. giveth me AB the diameter required, 

Or it I carne the chord giuen into a parallell fine of the 
ſame quantitie, his parallell {ine of the complement of halfe 
che arke,doth giue me the ſemidiameter, 

Asif FG be the giuen chord of 4o yr. I put it ouer in G 
and L,the fines of qo gr; then becauſe the halfe of 4o gr-1s 
207. andthe complement of 20 gr.is 70 gr, I rake our the 
parallell ſine of 7o gy. and it giuerh me A C forthe ſemidia» * 
| meter, 2zrecable to that chord of 40 gr, 
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7 To open the SeFor to the quantiitie of any 
angle ginen. 
8 TheSettor being opened, to find the quantitie 
| of the angie. 


þ is one thing to open the edges of the Ser to an angle, 
and another thing to open the lines on the Sector ro the 
ſame angle. For the lines of /ives on. the one fide,& the lines 
of fines on the other ſide,do make an angle of 2 gr,when the 
Sector 15 cloſeſhut, and the edges doe make no angle at all, 
So likewiſe the lines of Swperfictes and the lincs of Solrds doe 
make an angle of 10 gr, which are to be allowed ro the 
cdg cs. | 

The lines of /ines may be apencd to a right angle, if the 
whole line of 200 parts be applied ouer in 80 and 60. 

The lines of fines may be opened to a right angle, if che 
large ſecanc of45 gr.be applied ouer in the fines of 90 gr. or 
af the ſine of go gr. be applied ouer in the lines of 45 gr.or if 
the linevf45 gr. be applicd ouer in thelines of zo gr. 

If it bercquired to open thoſe lines. to any other angle, 
take out the chord thereof, and apply it oucr in the ſemira- 
due, and thoſe lines ſhall be opened to that angle. 

As if it were required to open the Sefor in thelines of 
ſmes to an angle of 40 gr, take out the chord of 4ogr, and 
ro it open the Sector in the chord of Go gr; ſo ſhall the lines 
of fines be opened to theangle required. Or if the ſame chord 
of 40 Gr. be applied ouer betweene 50 and go, in the lines 
of lines, they ſhall alſo be opened to the ſame angle. If ir he 
applied oucr in-25 of the lines of Swperfictes, or 125 in the 
lines of Sefids, tlrey alſo ſhall be opened to the ſame angle: 
becauſe the chord of 60 Gy. or line of 3o Gr. and 50 in the 
lines of /nes, and 25 in thelines of Swperfictes, and 125 1n the 
Solids, are all ofthe-ſame length wich the ſemiradius. 

Or if chs Sexniradime be applied oner betweene the fine of 
>o Gr. and the linc of the complement of the angle requi- 
red, ic will open the lines of Sies to thatangle, 

As 


” 
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As ifthe ſemiradins be applied oner in the lines of 30 Gr. 
and the ſine of $o.Gr, it ſhall open the lines of Swxes to an an- 
gle of 40 Gr, | | 

'On the contrary, if the Sefor be opened roan angle, and 
5t be required co know the quantitie thereof, open the com- 
palſes to the ſemiradius, and ſetting one foote in the fine of 
30 Gr, turne the othcr toward the other line of fimes, and it 
ſhall fall chere in the complement of theangle; if ic fall on 
go Gr. the angle i540 Gr; if on 60 Gr.the angle is 30 Gr. &c, 

Or take oner the parallcl] chord of 60 Gr, and meaſure ic 
in the laterall chord, and ir ſhall chere ſhew the quantitie of 
theangle. As if the Sefor being opened to an angle, I 
ſhould take oner rhe parallell of 30 Gy, of the fines, and 6a 
Gr.of the chords, and meaſure it in the larerall chords,find it 
ro be 40 Grz the angle comprehended betweene the lines of 
Sines 18 40 Gr, bur the angle berweene the edges of the Se- 
Qor 152 Gr, letle, and therefore but 3$ Gr. 


9 To finde the qaantitie of any angle ginen. 


F out of the angular point, to tie quantitie of che Serze- 

radits,be deicribed cn occult ace ther may cur both {ides 
of the angle, the chord ofch154arke meaſnred in the Jatcrall 
chord,ſhail ginethe quantitte of che angle, 

Lerche angle giuen be B AC: firlt I take the Semiradivs 
with the compatles, and ierting one ſfoote inf, I cur the 
{tides of the angle in B and C; then I takeche chord B C,and 
meaſuren inihelarerallchord; and Efmd 1c co be r1 Gr, 21d 
15 A, and fuch 1s the quantite of the angle giuen, 
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Orrfthe arke be deſcribed out of the angular point ar a- 
Dy other diſtance; let the ſemutdianteter be rurned into a va- 
H. 2 railel 
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ratlell chord of 60 Gr. then take the chord of this rke, ard 
carrie it parallell tall it croſſe in like chords : ſo the place 
where it ſtayeth ſhall giue the quancitie of the avgle, 

Asin the former exatyplegif I make the ſemidiamerer A 7 
a parallel} chord of 60 Gyr.andthen keeping the Sefoy at that 
angle, carrie the chord Z C parallell, ill it Ray jn like 
chords; I ſhall finde it to-ftay in no other bur 11 Gr. 15 Af. 
andiuchis the angle B 4 C; 


19 pon a right line and a point giuen is it, io make 
an angle equall to any angle giuen. 


| r{t out of the poinr, given detcribe an arke, cutting the 
ſame line:then by the 5. Prop.afore, find the chord of the 
angle giuen agreeable tothe ſemidiameter , and inferibe it 
into this arke : ſo a right line drawne through the poinc gi- 
uen,and the end of this chord, ſhall be rhe ſide that makes vp 
the angle. 

Let che right line giuen bee B, and the point given in 
it be A, andlet che angle gen be 11 gr. 15 mw. Here I open 
the compalles to any ſemidiameter A B, (but as oft as I may 
conueniently to che laterall ſemiradius) and ſecting one too 
in A, I deſcribe an occule arke BC; then I ſeeke out the 
chord of 11 gr.15 m. and faking it with the compalles, I ſet 
one foote in B, the other crollech the arke in C, by which 
I draw the line A C, and it makes vp the angle required. 


11 To dinide the circumference of a circle 
into any parts required. 


is 360 the mealure of the whole circumference be diuided 
by the number of parts required, the quotient gyueth the 
chord, which being found will dinide 6 circumference. 
So a chord of 120 gr, will diuide the circumference into 
3 £quall parts; a chord of gogr.into 4 parts; a chord of 72 gr. 
into 5 parts; a chord of 60 gr.into 6 parts;a chord of 51 gr.26. 
into 7 parts; a chord of 45 gr.into $ parts ; a chord ot qo gr. 
into 
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into 9 parts; a chord of 35 gr.into 10 parts; a chord of 32 gr, 
44 99.int0 11 parts; a chord of 3ogr.into 12 parts. 

[n like maner it it be required ro diuide the circumference 
of the circle, whoſe temidiaimeter 1s A Z,into 32: firſt I take 
the ſemidiameter A B,and make it a parallel! chord of 60 gr; 
then becauſe 360 gr.bettig duded by 32, the quotient will 
ber1 gr.15 #.1 find the parallell chord of xz gr.15 mand this 
wall duide the circumference into 32, 

But here the parts being many, it were betrer to diuide it 
firſt into fewer, and after ro come ouer it againe. As firft to 
dinide the circumference into 4, and then cach 4 parts inte 
$, or otherwiſe, as the parts may be diuided, 


Iz To aiuide 4 right line by extreme and 
meane pY opor 193, 


He line to be diuided by extreme and meane propor- 
"Fa. hach che {ame proportion to his greater ſegment, 
as in figures inſcribed in che ſame circle, the {ide of an hexa- 
20n a figure of lix angles, hath to a ſide of a d-cagon a figure of 
ten angles : bur the {ide of a hexagon is a chord of bo gr, and 
the {ide of a decagon is a chord of 36 gr. 

Ler AB be the line to be dinided :if I make A B a paral- 
lell chord of 6o gr.and to this ſemidiameter find A C a chord 
of 36 gr. this 4 C ſhall be che greater ſegment, dmiding the 
whole line 1n C, by extreme and meane proportion.So chat, 

As AB the whole line is vnto AC the greater ſegment: 
ſo A C the greater ſegment vnto C'B the letſer ſegment. 
Orler AC be che greater ſegment ginen : if I make this 
a parallell chord of 36 gr. the correſpondent ſemidiameter 
ſhall be the whole line 4 C,and che difference C B the leſſer 
ſegment, 
A | © B 
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Orlet C B be the leſſer ſegment gen: if I make this a 
parallell chord of 36 gr, the correſpondent ſemidiameter 
, H 3 ſhall 
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ſhall be greater ſegment A C, which added to C B, gineth 
che whole line A B. 

To anoid doubling of lines or numbers,you may pur oner 
the whole line in the Sines of 72 gr. and the parallell fine of 
36 gr. ſhall be the greater _—_ ; 

Or if you put ouer the whole line in the fines of 54 gr. 
the parallel line of 30gr. ſhall be the greater ſegment, and 
the parallel] fine of 18 gr.ſhall be the lefler ſegment, 


CHAP. TIL 
Of the proieftion of the Sphere in Plans. 


a "THe Sphere may be proieted in Plane in ftreight lines, 

as in the Analemma, if the ſemidiamerer of the circle 
-giuen be diuided in ſuch ſort asthe line of Sizes on the Se- 
tor, 

Asifthe Radius of the circle gmen were A F, the circle 
thereon deſcribed may repreſent the plane of the generall 
meridian,which dinided into foure equal parts in Z,P,vA;S, 
and crolled ar right angles with'E &£ and P S, the diameter 
Ee ſhall repreſent the equator, and P & the circle of the 
houre of 6, And its allo the axis of the world, wherein P 
{tands for the North pole}, and & for the South pole . Then 
may each quarter of the meridian be diuided into go gr.frem 
the equator towards the poles, In which if we number 25 e-, 
30 m.the greateſt declination of the Sun fromE to 69 North- 
wards,from e& to W Sonthward, theline drawne from 69.co 
V»ſhal be che ecliprique, andthe lines drawne parallell tothe 
equaror through 2 and yo ſhall be the tropiques. h 

Hauing theſe common ſeftionswith the plane of the me- 
ridian, if we fall dinjde each diamecer of the Ecliptique into 
$o gr. in {uch ſort as the Sies are dinided on the Settor. The 
firit 3ogr. from A toward 69. ſhall ftand forthe line of V.The 
30gr. next following for &. The reſt for T- S. N.&c. in theix 
order. So that by theſe meanes yyc haue the place of che Sun 
for all tumgs of the yeare. | 
« Jr 
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' If agairte we diuide A P, A'S, in the like ſort, and ſer to. 
the numbers 10. 20. 30. &c. vnto gogr. the lines drawne 
through each of theſe degrees parallel ro the equator, hall 
ſhew he declination of the Sunnc,and repreſent che parallels 
of latitude, 

If farther we dinide A F, Ae, and his parallels in the 
like ſort, and then carefully draw a line through each r5 gr. 
ſo as it makes no angles; the les ſo drawne ſhall be e/l5prical 


and repreſent the houre-circles, The meridian P ES che 
heure 
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houre of 12 at noone; that next vnto it drawne through 
75 gr. from the center the houres of 11 and x, that whic' is 


drawne through 60 gy. from the center the houres of 10 and 
2, &Cc. 


Then hauing reſpect vnto the latitude,we may number it | 


from E Northward vnto Z, and there place the zenith : by 
which and the center the line drawne Z A MN ſhall repreſent 
the verticall-circle , , paſſing through the zenith and nadir 
Eaſt and Weſt,and the line 4 4 H crolling ir at right angles 
ſhall repreſent the horizon, 

Theſetwo being diuided in the ſame ſort as the ecliptique 
and the equator, 7 line drawne through each degree of the 
ſemidiametrer eA Z, parallcll co the horizon,ſhall be the cir- 
cles of altitude , and the dinifions in the horizon and his pa- 
rallcls ſhall giue the azimuth. 

Laſtly, if through 18 gr. in A N, be drawne a right line 
T X parallell to the horizon, it ſhall ſhew che rime when the 
day breaketh,and the end of the twilight. 

For example of this protection, ler the place of the Sunne 
be the laſt degree of &,the parallell paſſing through this place 
is LD, and therefore the meridian altitude AL, and the de- 
preſſion below the horizon at midnight # D: the ſemidiur- 
nall arke LC, the ſeminocturnall arke C D, the declination 
AB, the aſcentionall difference BC, the amplirnde of aſcen- 
on AC. The ditterence berweene the end of twilight and 
the day breake is very ſmall; for it ſeemes the parallell of the 
Sunne doth hardly crofTe the line of twilight, 

If the altitude of the Sunne be giuen,let a line be drawne 
for it parallell to the horizon; o it ſhall crofſe the parallell of 
the Sunne, and there ſhew both the azimuth and the houre 
ef the day. As if the place of theSunne being giuen as be- 
fore,the altirude in the morning were found co be 20 gr. the 
ine F G drawneparallell co the horizon through 20 gr. in 
AZ, would crofle the parallell of the Sunne in 0. Where- 
fore FO ſheweth rhe azimutch,& L © the quantitie of houres 
from the meridian. It {ecmes to be about halfe an houre 
pait 6 jn the morning , and yer:more then halfe a point 
ſhort 
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Of the proieiFion of the Sphere. $7 
ſhore of the Eaſt. 

The diſtance of two places may be alfo ſhewed by this pro- 
ietion,their latirudes being knowne,and their difference of 
longitude, 

For ſuppoſe a place in the Eaſt of Arabia, hauing 20 gr.of 
Nerth latitude,whoſe difference of longitude from London 
is found by an eclipſe tobe 5 ho.z. Let Z be rhe zenith of 
London ,\ the parallel! of latitudefor that other place muſt 
be LD, in which the difference of longitude is L ©.Where- 
fore © repreſenting the lite of that place, I drawthrough © 
a parallel] co the horizon I H, croſſing the verticall AZ 
neare about pogr. from the zenith , which multiplied by 
20, ſheweth the diſtance of London, and that place to be 
1400 leagues, Or multiplied by 60,to be 4200 mules. 


2 The Sphere may be projected in plavo by circular lines, 
as in the generall aſtrolabe of Gemma Friſino, by the help of 
che tangene onthe ſide of the Seor. 

For let the circle giuen repreſent the plane of the generall 
meridian as before , let it be diuided into foure parts, and 
crolled at right angles with E</& the equator, and PS the 
circle of th 5 on of 6, wherein P ſtands for the North pole, 


_ and F for the South pole. Ler each quarter of the meridian 


be diuided into gogr. and ſothe whole into 360, beginning 
from P,and ſetting tothe numbers of 10,20, 30.&c.90 ates£, 
180 at $,270 at E, 360 at P. The ſemidiameters AP, AA, 
AS, A E,may be diuided according to the tangents of halte * 
cheir arkes,that is a tangent of 45 gr. which is alwayes equall 
ro the Radius, ſhall giue the femidiameter of 90 gr; a tangent 
of 40 er. ſhall giue Fo gr. in theſemidiameter: a tangent of 
35 gr.ſhall gue 70.&c. So that the ſemidiameters may be di- 
uided in fuch fort as the taugent on the ſide of rhe Sector, 
the difference being onely in their numbers, 

Hauing Jnided the circumference and the ſemidiame- 
bers, we may ca{lly draw the meridians and the parallels by 
the helpe of the SeRor, 

I The 
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The meridians are to be drawae through both the poles 
Pands, and the degrees before graduated in the equator, 
Thediſtance of the center of each meridian from A the cen- 
rer of the plane, 1-equall to the tangent of the ſame merj- 
dian, recxoned from the generall meridian P»/£SE, and 
the ſemidiaineter equall to the'ſecant of the ſame degree. 

As for example, if I ſhould draw-the meridian P B $,whictt 
3s thetenth rom Pe FS, the tangent of 10 gy. giueth me 
A C, and theſecant of 10gr.giucth mie S C,whereof C is the 
ccAter 
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center of the meridian P BS, and CS his ſemidiameter : ſo 
A F a tangent of 20 gr. ſhewerth F to be the center of PDS, 
the twentith meridian from Pe/£S, and AG a tangent of 
23 gr.30 M. ſheweth G to be the center of P 69S, &c. 

The parallels are to be drawne through the degrees, in 
AP, 48, and their correſpondent degrees in che generall 
meridian. The diſtance of the center of each parallel! trom 4 
che center of the plane, is equall to the ſecant of the ſame pa- 
rallell from the pole, and the ſemidiametrer equal! to the tan- 
gent of the ſame degree. As it I ſhould draw the parallell of 
8o gr. which is the tenth from the pole S, firſt I open the 
compatlesvnto A C the rangenr of 10 py. and this gmeth me 
the ſemidiameter of this parallel, whoſe center is a little from 
$, in fuch diſtance as theſecant$ C 1s longer then the radius 
S A. 

The meridians and parallels being drawne, if we mtmber 
23 gr.z0 mm. trom Eto S Nanak from e£ to WW South- 
ward, the line drawne from & to W hall be the ecliptique : 
which being divided in ſuch fort as the femidiameter A P, 
the firſt 30 gr. from A to & ſhall ſtand for the fine of yy; the 
3027.ncxc following for&; the rett tor I. Þ-$. &c. m their 
order. : 

It farther we haue reſpec vnto the latitude,we may nuni- 
ber ir from E Northward vnto Z,and there place the zenith, 
by which and the center, the line drawne Z A 2 ſhall repre- 
ſent the verticall circle, and che line 44 A H crolling it at 
right angles, ſhall reprcſenc the horizon ; and theſe dmided 


in the ſame ſort asL£P, the circles drawne through each 


degree of theſemidiameter AZ, parallel] ro the horizon, 
ſai] be the circles oc alticuderand the circles drawne through 
che horizon and his poles,thall gine the azimurhs, | 

For example ofthis pro:etion,ler the place of che Sunne 
be in the beginning oi =: the parallell paling tarough this 
place is 2 © L;zandtherefore the meridian alrirude 37 L,zand 
the depreſſion below the horizon at midnighr H©;the femi- 
diurnall arke L ©, the {cmino&urnall arke O @, the decli- 
nation AR, the afccnlionall difference R ©, the ampli- 
I 2 tude 
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tude of afcenſion AO. 

Or if ef be put to repreſent the pole of the world , then 
ſhall P-ESE ftand for the equator, and P S SW for the 
ecliptique, and the reſt which before ſtood for meridians, 
may now ſerue for particular horizons, according to their 
ſcuerall elcuations, Then ſuppoſe che place of the Sunne gi- 
uento be 24 gr. of &, his longitude ſhall be P7, his right af- 
cenfion P H, his declination H7, Andif the place giuen be 
19 gr.of , his longitude ſhal be PX,his right aſcenl1on PN, 
hisdeclinationNK. Againe,the declination brought tothe 
horizon pf the place, ſhall there ſhew the aſcentionall diffe- 
rence, amplitude of aſcenſion, and the like concluſions of 
the globe. But I intend not here to ſhew the vſe of the A- 
ſtrolabe, but the vie of the Seor in proieQtion. 

And after this maner may a nocturnall be proiced to 


ſhew the houre of the night, whereof I will ſet downe a 
type for the vſe of Sea-men. 
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Tt conlifts as you ſee of two parts, the one is a plane,diui- 
ded equally according to the 24 houres of the day, and each 
houre into quarters or minutes, as the plane will beare: the 
line from the center toXI1, ſtands for the meridian, and 
X I I ſtands for the houre of 12 at midnighr. The other part 
is a rundle for ſuch ſtarres as are neare the North pole, toge- 
ther with the twelue moneths,and the dayes of each moneth 
ficted to the right aſcenſion of the ſtarres. Thoſe that haue 
occaſion to ſee the South pole, may do the like for the Sou- 
therne conſtellations, and put them in a rundle on the back 
of this plane, and fo it may ſerue for all the world. 

The vſe of this noQurnall is calie and ready. For looke yp 
to the pole,and ſee what ſtarres are neare the meridian, then 
place the rundle to the like liruation, ſo the day of the mo- 
neth will ſhew the houre of the night, 


3 TheSphere may be projetted in plans by circular lines, 
as in the particular Aſtrolabe of /oh.Stopblerin, by help of the 
tangent,as betore. 

For let the circle giuen repreſent the tropique of vp, ler ic 
be diuided intofoure parts, and crofled at 2 angles with 
AC the equinoQtiall colure , and M B the folftitiall colure, 
and generall meridian , the center P repreſenting the pole 
of the world. Let each quarter be diuided into go gr. and ſo 
the whole into 360, beginning from A towards B, The me- 
ridian PA4,or Þ B, may be diuided according to the tangent 
of halfe his arke. So asthe arke from the North pole to the 
tropique of W, being go gr. and 23 gr.3z0 mw. thatis 813 gr. 
30m, and the halfe arke 56 gr. 45m. che meridian ſhall be di- 
nided intogo gr. and 23 gr.z0 m. in ſuch fort as the tangent 
of 56 gr.q45 23. on the (ide of the Sefor is diuided into de- 
grees and halfe degrees; of which Pe/Z the arke of the equa- 
tor 90 gr. from the polez,ſhall be giue by the tangent of 45 gr. 
And P 69 the arke of the Summer tropique 66 gr.30 m.trom 
the pole, ſhall be giuen bythe tangenr of 33 gr.15. And 
the circles drawne vpon the center P through. and S,ſhall 
be the equator, and the Summer tropique, 

Haning the cquator and both the tropiques , the eclip- 
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ctique V $ = W ſhall bedrawne from the one tropique to 
che other, through the interſe&ion of the equator and the 
cquinodtiall colure, And it may be diuided firſt into the 
twelue Signes after this maner: P E the arke of the pole of 
the ecliptique 23 gr. 30 w. from the pole of the world, ſhall 
be giuen by the rangent of 11 gr. 45 #9. The center of the 
circle of longitude palling through this = E V and =,ſhal 
be found at D (ſomewhat below B) by the tangent of 66 gr, 
30 #9. Then through D draw an occult line parallell to AC, 
and diuide it on each {ide from D,in ſuch ſort as the tangenc 
is diuided on the (ide of the Seftor, allowing 45 gr. to be e- 
quallto DE. So the thirtith degree from D coward the 
right hand,ſhall be the center oft the circle of longitude paſ- 
ſing through E& and, The lixtith degree, the center of I 
E 7. The thirtith degree from D toward the left hand, the 
center of X E nm. The lixcith, the center of zx £3, And the 
other intermediate degrees ſhal be the centers to diuide each 
Signe Into ZO gr. 

It farcher we haue reſpect vnto the latitude, we may (the 
meridian being before diuided)number it from Þ Northyyard 
vnto H, and = np place the North interſe@ion of che meri- 
dian and horizon: then the complement of the latitude be- 
ing numbred from P:Southward vato Z,ſhall there giue the 
zenith; and go gr.irom Z Southward vnto F,ſhall there give 
the South interletion of the meridiar. and horizon. The 
middle betweene F and H ſhall be G the center of the hori- 
zonY A = F, paſling through the beginning of Y and =, 
ynletle there be ſome former crror. 

All parallelsto the horizon may be found in like ſore by 
cheir interſe&ions with the meridian, and the middle be- 
rweene thoſe interſeions isalwayes the center. 

The azimuths may be drawne as the circles of longitude 
were betore, For the center of the firſt yerticall Y Z = will 
be foundar I (ſomewhat neare vnto B)by the tangent of the 
latirude. And if through I we draw an occulc line parallell to 
A C, and diuide it on cach ſide from 7,in ſuch fort as the tan- 
gent jSdiuided on the fide ofthe Sefor,allowing 45 gr. to be 

| equall 
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equalito 1Z; theſe diu:fions ſhall be the centers, and the TIE 
diitznce from theſe diuifions vnto Z,ſhall be the ſemidiame- | 
ters whereon to deſcribe the reſt of the azimuths, 

For example of this proie&tion, let © the place of theSnn 
given be 10'gr.of V: a right line:drawne from P through this 
place vnto the equator, ſhall there ſhew his right aſcenſion - 
Y.K, and his declination K ©, Then may we on the center P 
and {emidiamerer © P,draw an occur parallell of declinatt5, 
collng the horizon in L.and 4, the meridian in G.and N. 


Yo 
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So the rightlines P Z and PA produced,ſhall ſhew the time 
of the Sunnes riling and ſetting , Y @ the difference of af- 
cenlion, <R the difference of deſcenſion, V L the amplicude 
of his riſing, and =: M the amplitude of his ſetting. Z G 24 
ſheweth the length of the day, LNA the length of the 
night. Z G ſheweth his diſtance from the zenith at noone, 
H N his depreſſion below the horizon at inidnight. And then 
hauing the alcicude of rhe Sunne at any time ofthe day, the 
mcerſeQion of the parallel of altitude with the parallell of 
declination, ſheweth the azimuth , and a right line drawne 
from ? through this interſefti6,giueth rhe houre ofthe day. 


4 The Sphere may be proieRed in plaxo by circular lines, 
after the maner of the old concaue hemiſphere, by che help 
of the tangent on the {ide of the Seftor. 

: For let the circle giuen repreſent the plane of the hori- 
zon, let it be diuided into foure _ and croſled ar right 
. angles with SN the meridian, and E/ the verticall; ſo as $ 
may ſtand for the South, N forthe North, Z che Eaſt, Y the 
Weſt part of the horizon, and the center Z repreſenteth the 
zenith. Let each quarter of the horizon be divided into go 
gr. and ſo the whole into 360 gr. beginning from N,and \(et- 
ting to the numbers of 10.20. 30.&c. 90 at E, 186 at F, 270 
at Y, 360 at N. 

The ſcmidiameters Z N, Z $, may be diuided according 
ro the tangent of halfe their arkes:So as the arke from the zc- 
nith ro the horizon being 90gr. andthe halfe arke 45 gr. 
the ſemidiameters are ro be diuided in ſuch fort as the tan- 
gent of 45 gr. as was ſhewed before in the ſecond proieQion, 
Andiffrom Z we draw circles through each of theſe diuili- 
ons,they ſhall be parallels of altitude. 

Then hauing refpe& vnto the latitude, we may (the me. 
ridian being betore druided) number it from Z toe/E, and 
there place the interſeQion of the meridian and equacor, 
The complement of the latitude from Z vnto P, ſhall there 
giuc the pole of the world, and go further from P ſhall there 
give the other interſefion of the meridian and equator. 


The ; 


The middle betyyeene theſe interſe ions lnall be L,che cen- 
ter of the equator,paliing through E and Y,vuletle there be 
ſome former error, The interſections of the tropiques de- 
pend on the equator. From e£ 23 gr.30 m.tarcher ſhal be vp, 
the interſeion of the meridian '& the Southerne tropique. 
Frome 23 gr.z30m.ncarerſhall be g3,the interſe&ion of the 
meridian and the Norcherne tropique. The interſedtions of 
the other intermediat parallels; ſhall be giuen in like ſort,by 
their degrees of diſtance from the equator, and the middle 
= FF” 
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betweene thoſe interſeQions is alwayes the center, 

The houre circles may be here drawne as the azinwths in 
the third proiection, For the centerof E P 7, the houre of 6 
will befound at B (ſomewhat neare vnto N) by the tangent 
of the latitude. And if through B we draw an occult line pa- 
rallellvnto E Y, and divide it on each ſide from B, in ſuch 
fort as the tangent 15 diuided on the ide of the Sector,allow- 
ing 45 gr. to be equall to BP, and 15 gr. tor euery houre: 
thoſe diniſions ſhall be the centers, and the diſtance from 
theſe diuifions vnto P, ſhall be the ſemidiameters, whereon 
to detcribe the reſt of the houre circles. | 

The ecliptique may be drawne as the equator, For the 
center of that halfe which hath Soucherne declination, ſhajl 
be giuen by the t:ngeut of the altitude, which che Sun hath 
in his encrance into W. And the center of the other halte, by 
the tangent of his altitudezat hisentrance into S, Andir may 
be diuided,as in the former proieGtion, or elſe by tables cal- 
culated to that purpole, 

To theſe circles chus drawne,if we ſhall adde the m,oneths 
of the yeare, and the dayes of each moneth , as we may well 
doe, at the horizon, on either ſide berweene the tropiques; 
this proiection ſhall be fitted for the moſt vſefull conctulions 
of the globe. | 

For the day of the moneth being giuen, the parallel] chat 
ſhooteth on it, doth ſhew what declination the Sunne hath 
at that time of the yeare, And where this parallel! crolleth 
the ecliptique, there is the place of the Sunne. Or the place 
of the Sunne being firſt giuen;theparallell which croſleth ir 
ſhall at the horizon ſhew the day of the moneth . Either of 
theſe then being guen,or onely the parallell of declination, 
we may follow it firſt vnto the horizon , there the diſtance 
of the end of the parallel] from E or 7, ſheweth the ampli- 
rude; the ſame among the houre circles ſhewerh the time 
when the Sunneriſeth or ſetteth. Then having the altirude 
of the Sunne at any time of the day, the interſeQion of the 
parallel] of declination with the parallel! of altitude, ſheweth 
the houre of the day; and a right line drawne from 'Z 

through 
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chrough this interſetion to the horizon , giueth the azi- 
mutl>, | 

Thus in either of theſe protections, that which is other- 
wife moſt troubleſome,!1s eafily done by the help of the ran- 
gext line: and what ] haue ſaid of this line, the ſame may be 
wrought by ſcale and numbers out of the table of Tangents. 


CHAP, IV. 
Of the reſolution of right-line Triangles. 


F all Triangles there being fix parts, viz. three angles and 
three ſides, any three of them being giuen, the reſt may 
be found by the Sector, 


As in 4 Rectangle triangle, 
1 To finde the baſe , bath ſides beta2 ginen, 


Let the Sefor be opened in the lines of Lines to a right. 
2ngle, (as before was ſhewed Cap.2. Prop.p.) then take our 
the {ides of thetriangle, and lay them,one on one live, the 
other on the other line, ſo as they meete in the cenrer, and 
marke hou farre they extend. For the line taken from the 
rermes of their extenſ(1on,ſhall be che baſe required, viz, rhe 
.ide oppolite to the right angle. | 

Or adde the {quares of the two {ides(as in Prop.4.Supert, )s 
andthe ide of the compound ſquare ſhall be rue baſe, 


2 Tofind the v:/e by haning the anzles, 
and one of the [ides ginen. 


Take the ſide given, andeurne it into the parallell line of 
his oppolite angle; fo rhe paralle}] Radius hall be rhe bale. 


3 Tofinda ſide by hauing the baſe, 
and the other ſide g:nen. 


Let the Setorbe opencd in the lines of /ines to a right 
| K 2. angle, 


68. Reſolution of right-line triangles, 
angle, and the lide ginen laid on one of thoſe lines froni 
the center; then take the baſe with a paire of compaſles, and 
ſetting one foote in the terme of the giuen ſide, turne the 
other to the other line of the Secor, and it ſhall there ſhew 
the {ide required. 
Or take the {quare of the hde.out of the ſquare of the baſe 
(as in Prop.q Swperf.) and the ſide of the rematting ſquare 
ſhall be the fide required. 


4 To find a ſide haning the baſe 
and the angles gtuen, 


Take the baſe given, and make it a parallell Radius, fo 
the parallell nes of the angles,thall be the oppolite ſides re- 
quired. 


5 Tofind «ſide by haing the ether ſide 
and the angles giuen, 


Take the (ide given, and curne it into his parallel|;/iue of 
hisoppoſitc angle ; ſo the parallell fine of the complemen: 


ſhall be the {ide required. 


. 6 To find the angles by hauing the baſe 
and one of the ſides ginen. 


Firſt take out the baſe given, and laying it on both ſides 
of the Seor, ſo asthey may meete in the center, and marke 
how farre tt extendeth.. Then take out the Jarerall Radius, 
and to1rt open theSeQor in the termes of the baſe. This 
done, take out the ſide giuen, and place it alſo on the ſame 
lines of the Sector from the center. For the parallell taken 
in the texmes of this fide, ſhall be the fine of his oppoſite 
angle. 

Dr take the baſe given, and make it a parallell Radius; 
then take the fide giuen, and carrie it paralſe!] to the baſe, 

. till it tay in like þyes : ſo they ſhall gme the quantitie of - 


the 
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the oppoſite angle, 


7 Te finde the anzlesby having both the 
ſides ginen. | 


Take out the greater ſide, and lay it on both ſides of the 
Sector, {od asthey mieete in the center, and marke how farce 
it extendeth, Then take the other ſide,and to ir open the Se- 
Aor in the termes of the greater ide; fo the parallell Radius 
ſhall be che tangent of the leſſer angle. The chird angle 15 al- 
wayes knowne by the complement. 


3 The Radius being giuento find the tangent, 
and [ecant of any arke. 
9 The tangent of any arke being ginen,to find 
the tangent thereof, and the Radius. 
10 The ſecant of any arke berng ginen, to frud 
ge tangent thereof aud the Radius, 


The tangent,and the ſecant, together with the Radius of 
euery arke,do make a right angle triangle; whoſe lides are 
the Rad and tangent, and the baſe alwayes the ſecant; and 
the angles alwayes knowne by reaſon of the giuen arkes. 
Wheretore the {olution is the ſame with thoſe before. 


Ln any right-lined triangle whatſoener, 
It Tofrsda ſide by knowm the other two ſiges, 
and the angle contained by them. 


Let the SeFor be opencd in the lines of limes to the angle 
wen, rken take out the lides of the triangle,& laying them 
x one on the 6ne iine, the other on the other, fo as they 
meete in the center,marke how far they extend. For the line 
taken betweene the termes of their extention , ſhall be the 


third fide required, 


K 
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12 To find a ſide by hauing the other two ſides, 
aud oneof the adjacent angles, ſoitbe 
knowne which of the other angles 
i acute or oblique, 


Let the Sefor be opened in the lines of /ives to the angle 
giuen,and the adiacent Hide layd on one of choſe lines from 
che center; then take the other {1de with a paire of compatl- 
ſes, and ſetting one foote im the terme of the former ginen 
{ide,turne the other to the other hne of the SeFoyr which here 
repreſenteth the (ide required, and it ſhall crofle ir in rwo 
places;but with whieh*of them js the rerme of the (ide requi- 
red, muſt be 1udged by the angle.; it 

As if in thetriangle following, the fide A C being gen, 
and the fide CD and the angle C A D 18 gr. 40m. it were re. 
quired to find the fide A D. | 

Firſt I open the Seftor in che lines of /ines to an angle 
18 gr.40 mand laying the adiacent ſide from the center . 
it extendeth to 800 in C.Then I take the other ſide CD wit; 
the compatles,and letting onefoote in C,and turning the 0. 
ther to the other line of the Se&or, I find that ir ras, | crolle 
itboth in B and D; ſo thar it is vncertaine whither the lide 
required be AB or AD, onely it may be mdged by che an- 
gl-.Forifrhe inward angle where they crotle be obtuſe, the 
(1de required is theletler; if ir be acureit 15 che greater, 


13 Tofind 4/ide by hazing the angles 
and oxe of the other ſiaes ginen. 


Take the {ide given, and turne it into the parallel! ſine of 
hisoppolite angle ; ſo the parallell fines of the other anglc 


(ball be the oppoſite ſides required, 


I4 7& 
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14 To find the proportion of the ſides 
by haning the three angles. 


Take the laterall fines of the angles, and meaſure them 1: 
the line of /mes. For the numbers belonging to thoſe lines 
do giue the proportion of the ſides, 


15 To finde an angle by knowing the 
three ſidts. 


Let the two containing lides be layd on the lines of the 
Sefor from the center, one on one line,and the other on the 
other; and let the third fide, which is oppoſite ro the angle 
required, be fitted over in their rermes: ſo ſhall the Seffor be 
opened in thoſe lines to the quanririe of the angle required. 

The quantirie of this angle 1s found as in Cap.2, Prop.8. 


15 To finde an angle by bauing two [des 
and one adiacent angle, 


Firſt take out the ſide oppoſite to the angle giuen, and 
jaying it on both ſides of the Sector, 1o as they meere in the 
center,marke how farre it extendeth; then take out the late- 
rall ſine of the angle, and to it open the Sector in the termes 
of the firſt fide: this done, take out the other fide giuen,and 
| place it allo on the ſame lines of the Sector from the center, 

for the parallels taken in the termes of this fide , ſhall be the 
finc of the angle oppolite to the ſecond fide. 
| - Or takeout the fide oppoſite to the angle g1uen,and make 
it a parallel] ſine of that angle;then take the other fide ginen 
and carrie it parallel] to the former, till ir ſtay in like ſines: 
to they ſhall give the quanrtitie of the angle oppoſire to the 
tecond fide. 


17.To 
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i7 Tofindeananzle by hauin Z two ſides, , [ 
and the angle cont ained by them. 


Firſt find the third fide by the 11.Prop. and then the an- 
gles may be found by the x5.or 16.Prop. 

For practiſe in each of theſe caſes, we may vſe the exam- 
ples following, wherein CE A,CEB,CED arereQngle 
in E;the reſt conſt of oblique angles, 4 


CAB 189gr, 40m. 


ABC 126 «52 | 
ACD 108 12 : 
ADS 53 8 
BCD 7; 44 
22” of 
. 4 ; 
"a 4 LN 
E I 6% B 194+ ÞD i94+ D 


For obſcruation of angles, the Sefor may haue fights ſey 
on the moucable foote z ſo that by looking through them, 
che edgesof the Seſtor may be applied to the ſides of the 


angle, 


Foy 


For meaſuring of the ſides of leſſer tri- 


- angles, any ſcale may fuffice,cither of feere, 


or inches, or leſſer parts. But for greater tri- 
angles, eſpecially. for mage. of grounds, I 
hold it fitito vie a chaine of foure perches 
in length, diuided into an hundred links, 
For ſo the lengch being multiplied into 
th bredch, the fiue laſt figures giue the 
content in roods and perches by this Table; 
the other figures toward the left hand , doe 
ſhew the number of acres direAly. 

As if in the former triagle ACD,the length 
AD be 9 chaines andg0 links, the bredth 
CE be 2 chaincs and 56 links ; theſe mul- 
riplied give the content for the long ſquare 
2. 43200, the halfe whereof for the triangle 
is 1, 21600, that is x acre, 21600 parts of 
100000, of which laſt fiue 6gures, 20000 
giue 32 perches, and the remainder 1600 
giuc betrer then two perches more, 
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Reſolution of ſphericall Triangles, 
CHAP. V. 
Of the reſolation of ſphericall triangles. 


| *3 our practiſe in ſphericall criangles, let A be the equi- 
L noQia!l point, AB an arke of the ecliptique repreſen- 
ting the longrieude of the Sunne In the beginning of &, 
B C anarke of the declination from the Sunae to the equa- 
tor, and AC an arke of the equator repreſenting the right 
aſcenlion, 
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Let B D bean arke of the horizon repreſenting the am- 
plitude of the Sunnes rifing from the Eaſt, and B FE an arke 
of the hoxizon for his ſetting from the Weſt: fo DC ſhall be 
the difference of aſcenſion, and C E the difference of deſcen- 
ſivn; AD the oblique aſcenſion, and AE the oblique de- 
ſcenſion of the ſame place of the Sunne in our latitude at 
Oxford of 51 gr. 45 m9. whoſe complement 38 gr. 15 m. is 
the angle at E andD. The triangles ACB, DCB, ECB, 
are reQanglcin C: the other AD B, AE B,conlift cuery way 
of oblique engles, 

Or 
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Or to fit an example nearer tothe latitude of Loydoy. Let 
Z P S repreſent the zenith pole and Sun, Z P being 38 gr. 
30 m.cthe complement of che latitude, P S 7o gr.the comple- 
ment of the declination,and Z $ 4qogr. the complement of 
the Suns altitude. The angle at Z ſhall ſhew the azimuth, and 
theangle at P,the houre of the day from the meridian. Then 
iffrom Z to PS we let downe a perpendicular Z R, we ſhall 
reduce the oblique triangle into two reQangle triangles 
ZRP,Z RS. Or if from Sto Z Þ weſet downe a perpen- 
dicular S 21, we thall reduce the fameZ PS into two other 
triangles,SH4Z, S MP, reQangle ar CH: whatſoeuer is faid 
of any of theſe triangles, rhe ſame holderh for all other tri- 
angles in the like caſes. | 

For the reſolution of each of theſe,there be ſeneral yayes. 
F onely chuſc thoſe which are ficteſt for the Seer, wherein 
if that be remembred which befcre is ſhewed in the generall 
vie of the Seftor concerning Jaterall aud parallel entrance, 
it may ſuffice onely to ſet downe the proportion of the three 
parts giuen to the fourth required, and {o I ſhew firſt by the 
fines alone. . 3 
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In a rectangle triangle 


t To fiade « ſide by knowing the baſe, and the 
angle oppoſite to the required [iae. 


As the Radius 
15 co the fine of the baſe: 
So the ſine of the oppoſite angle 
to the ſine of the ſide required. 


Asin the retangle A © B,hauing the baſe AB, the place 
#f the Sunne 30 gr.from the equinoctaall point, and the an- 
ole B 4C of 23 gr.3015. the greateſt declination, if it were 
requircd to find the fide B C the declination of the Sunne, 

Tak? either che Jaterall ſine of 23 gr. z0w9, and make it a 
parallel! Radius; ſo the parallel fine of 30 gr.caken and mea- 
fared 11 the ſide of the Sector, ſhall gue the ſide required 
2127.30 99. Ortake the line of 3o gr.and make it a paralle!] 
Radius;ſo che parallell fine of 23 gr. zom.raken and meaſured 
in the laterall ſines, ſhall be tx gr. 3o wv. as before. 

So in the triangle Z P $ hauing Z P 38 gr. 30m. and the 
angle P 31 gr.34m.ginen, we ſhall find the perpendicular 
ZR to be 19 gr.1mw; or hauing PS 7ogr. and the ſaid 
angle Þ 31gr.34m.giuen,we may finde the perpendicular 
S MH co be29gr.28 m. 


2 To findea(ide by knowing the baſe 
and the other (ide. | 


As the fine of the complement of the (ide giuen 
15to the Radius: 
So the ſine ofthe complement of the baſe 
to the line ofthe complement of the ſide required, 


Soin the reQangle AC B,hauving AB zogr.and BC 13 gr; 
30m.giucn, the fide eF C will be found 27 gr.54 mv. 

Or in the reangle Z R F, having ZP 3B gr.3o m.and Z'R 

39 g7.2 mv.giucu, the fide RP will be found 34 gr.7 w. 


= -- - 
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3 To finda (dt by knowing the two 
oblique angles. 


# Asthe ſine of eirher angle 
tothe line of the complengent of the other angle: 
So is the Radius 
co the fine of che complement of the fide oppoſite 
to the ſecond angle. 


So inthe reangle AC B,hauing CA B for the firſt angle 
24 gr.30m.and ABC for the ſecond 69 gr.21 m.thelide AC + 
will be found 27 gr.54 m9. Or making A B C the firſt angle, 
and C A B the ſccond, the fide BC will be found 1x gr.30 wm. 


4 To finde the baſe by knowing bath the ſides. 


As the Radius 
to the ſince of the complement of the one (ide: 
So the line of the complement of the other ſide, 
co the line of the complement of the baſe required. 


So in the reftangle 4 CB hauing AC 27 gr.54m.and BC 
F1gr.30 7. the balc A B will be found 30 gr. 


5 To findethe baſe by knowing the one (ide, and the 
angle oppoſite 82 8hat ſide. 


As the ſine of the angle given, 
cothe (inc of the ſide giuen 2 
So is the Radius 
ro the fine of the baſe required. 


So in the reangle B C D, knowing the latirude and the 
declination, we may find the amplitude; as kauing B C the 
fide of the declination 12 gr. 30 w. and 8 DC the angle of 
ehe complement of the latitude 38:4r.15 5. the baſe B D 
which is the amplicude,will be foundco be 18 gr. 47 9. 
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6 To find n angle by the other _ angle, and the 
| fide oypofite to the inquired anele, 


As che Radius 
ro the ſine of the complement of the ſide: 
So the ine of che angle giuen, 
to the line of the complement of the angle required. 


Soin the reQangle A'C B, hauing the angle BA C 23 gr, 
30 .andthelide A C 27 gr. 54m. the angle A BC will be 
tound 6g gr, 21m. 


7 To finde an avgle by the other oblique angle, 
and the ſide oppoſite to the angle ginew. 


As the fine of the complement of the fide 

co the fide of the complement ol che angle given: 
So 1s the Radius - 

co the {ine of the angle required. 


So inthereQangle A C B, having BA C23 gr.30m. and 
BC 11gr.3om.theangle ABC wall be found 69 gr.21 m, 


8 To finde an angle by the baſe,and the ſide 
oppoſite ro the inquired angle. 


Asthe ſine of the baſe 
is to the Radius: 
So the ſine of the (ide 
to the {ine of the angle required. 


So in the reQangle B CD, hauing BD 18 pr, 473m, and 
BC 11gr.30m. the angle BD Cwill betound 38gr.15 xs. 

Thele eight Propoſitions haue,been wrought by the fires 
alone; thoſe which follow require 1oynt help of the rangeyr. 

And foraſmuch as the 2awgent could nor well be extended 
beyond 63 gr.30 #1. I ſhall fer downe two wayes for the reſo- 
lucion of cach Propoſition; if the one will naothold , the 0- 
cher may. Fs 
9 To 


] 
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o9 Tofnde « ſide by h:uing the ether [ide, an1the 
avgle oppoſite to the inquired ſine, 


2 As the Radivs ; 
to the ſine of the ſide ginen : 
So the tangent of the angle, 


ro the tangent of the {ide required, 


2 As the ſine of the ſide giuen, 
15 to the Radius: 
So the tangent of the complement of the angle, 
co the tangent of the complement of the {1de required. 


So in thereftangle ACB, hauing the right ſide AC 27 gr. 
54”, andcheangke BAC 23 gr.zom. theſide BC will be 
found to be 11 gr.30 wn. 


10 To fnda ſideby hauing the other fide,and the 
ang,'e adzacent next is the inquired ſeat. 


t Asthe tangent of the angle, 
to the tangent of che {ide ginen: 
So is the Radins 
co the {ine of the fide required; 


2 Asthe tangent ofthe complement of the ſide, 
ro the rangent of the complement of the angle: 
So is the Radius « 
to the {ine of the ſide required. 


T'1js and the like, where the tangent ſtandeth in the fi: 
place, are beſt wrought by parallell entrance. And io 
in the reQangle BC D, having B C the {ide of declination 
11 gr.302.and B D C che angle of the complement of the 
latirude 38 gr.r5 m. the fide D C, which is the aſcenſionall 
difference,will be tound 14 gr.57 ». 

By the aſcenſionall difference is given the time of the 
Sunnes riſing and ſetting, and lengrh of the day; allowing 
an 
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an hourefor each 15 gr. and 4 minutes of cime for each (ec: 
uerall degree. As in the example the difference berweene 
the Sunnes aſcenfion in a right ſphere , which is alwayes ar 
6 of the clocke,and his aſcenſion in our latitude being 14 gy, 
57 ws. it ſheweth that the Sunne riſeth very neare an houre 
before 6, becauſe of the Northerne declination; or after 6, if 
the Sunne be declining to the Southward, 


IT To fruce 4 {ide by knowing thebaſe L 4nd the''s R 
angle adiacent next tothe inquired fide. 


x As the Radius 
tothe ſine of the complement of the angle: 
So isthe tangenr of the baſe, 
to the tangent of the fide required. 


2 As the ſine of the complement of the angle 
isro the Radius: | 
So the tangent of the complement of the baſe, 
ro the tangentof the complement of the ſide required, 


So in the reangle A C B, knowing the place of the Sun 
from the next equinoQtull point, and the angle of his prea- 
teſt declination, we may find+his right aſcenſion : viz. the 
baſe A B 3o gr. and the angle BAC 23 gr.30m.being giuen, 
the right aſcenſion A C will be found 27 gr.54 ms, 


12 To finae the baſe by knowing the 
oblique angles. 


As the tangent of the one angle, 

to the tangent of the complement of the other angle: 
Sos the Radius 

to the ſine of the complement of the baſe, 


So in thereangle A C B,hauing BA C 23 gr.30m. and 
ABC 69 gr.21m. thc baſe A B will be tound 3o gr. 
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13 Tofinde the baſe,by one of the ſides,aud the 
ax2le adiacent next that ſide. 


« As the Radius 
isto the line of the complement of the angle: 
So the tangent of che complement of thelide, 
to thetangent of the complement of the baſe! 


2 Asrheſine of the. complement of cheangle 
35 to the Radius: 
So the tangent of the ſide giuen, 
to the tangent of the baſe required, 


So in the reangle A CB; hauing AC 27 gr.54m. and 
B AC 23 gr.30m. the baſe A B will be found 3o gr.o mw, 


14 To find an axgle,by knowing both the ſides. 


3 As thc Radius | | 
_ ſ5ro the ſine of the {ſide next the inquired angle: 
So the tangent of the complement of the oppolite (ide, 
co the tangent of the complement of the anglerequired. 


2 As theſine of the ſide next the inquired angle, 
bs tothe Radins: | 
So the tangent of the oppoſite ſide, 
to the tangent of the angle required, 


So in the retangle A C B, having AC 27 gr:54w. and 
BC 11gr.30. the angle at A will be found 23 gr.30 w.aud 
che angleat B 69 gr,21-u, 


15 Tofindean angle, by the baſe, and the ſide 
+» cent io the inquired avgle. 


x Asthe tangent of the complement of the ſide, 
to the tangene of the complement of the baſe: 
M Io 
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So isthe Radius 
to the ſinc ofthe complement of the angle required. 


2 As the. tangent ofthe baſe, 
ro the tangent of the (ide: 
So 15 the ooh 
to the ſine of the complement of the angle required, 


Soin the retangle BCD; hauing the baſe BD 18 gr.47 m, 
and the ſide BC 11 gr. 30 w,the angle D BC between them 
will befound 53 gr.15 mm, 


15 To findan anglefby knowing the other 
obl:que angle,and the baſe. 


i Asthe Radius, 
to the line of the complement of the baſe: 
So the tangent of the angle giuen, 
ro the tangent of the complement of the angle required, 


2 Asthelineofthe complement of the baſe, 
is to the Radius: 
So the tangent of the complement of the angle giuen, 
fo the tangent of the angle required, 


_ FSointhe rectangle AC B, having the angle at A 23 gr. 
30 #9. andthe baſe AB 3ogr: theangle A B C will be found 
$9 gr.21 m, | 


Theſe fixteen caſes are all that can fall out in a rectangle 


triangle: thoſe which follow do hold 
In any ſphericall trianole whatſoener -- 
19 To finda fide oppoſite to awangle giutn.by kms wing 
one ſide; and twoangles, whertof one is #p- 


Poſite to the ginen ſide,the other 
$0 the ſide required, 
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As the ſine of the angle oppoſite tothe lide giuen, 
is ro the ſine of that ſide given: 

$0 the fine of the angle oppolire to the fide required, 
co the fine of the fade required. 


So in thetriangle A BE, hauing the place of the Sunne, 
the latitude,and the greateſt declination, we may finde the 
amplitude. As hauing A B 3ogr.BA E 23 gr.zo mand AEB 
38 er. 159, the fide BE which is the amplicude, will be 
found 18 gr. 47 17. 


18 To finde an angle oppoſite to a ſide giuen by hawing 
one angle and two ſides, the one oppoſite to 
the eines argle, the other to 
the angle required. 


As the line of the ſide oppoſite ro the angle giuey, 
is tothe ſine of that angle giuen: 

So the line of the {ide oppolite to the angle required, 
to the line of the angle required. 


So in the triangle Z PS, having the azimuth, and lati- 
eude, and declination, we may find the houre of the day. As 
hauing PZS 130 gr. 3». FS 7ogr.andZ S 4ogr. the an- 
gle Z PS, which ſheweth the houre from the meridian ſhall 
bc found 31 gr. 34». 


19 To find an angle byknewing the three ſides. 


This propoſition is moft vſcfull, but moſt difficult of all 
others:as in Arithmetique,ſo by the SeFor, yet may it be per- 
tormed ſeucrall wayes. 


x According to Regiomoutans and others, 


Asthe fine of the leſſer fide nexe the angle required, 
to the difference of the verſed lincs of the baſe and diffe- 
So is the Radius (rence of the fides: 
co a fourth proportionall, 


M 2 Then 
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T hen as the fine of rhe greater ſide next the angle required 
is to that fourth proportionall : 

So is the Radius 
ro the verſed (ine of the angle required. 


So in the triangle Z PS,hauing the (ide P S,the coplement 
of the declination 7o gr.0m9. the ſide Z P the complement of 
the latitude 38 gr.30 w. and che bafe Z $ the complement of 
the alticude 40 gr.the angle of the houre of the day ZPS will 
be found 31 gr.34 m.which is 2b. 6 ms. from the meridian. 

For the baſe being 4e gr.o m.and the difference of the ſides 
38 gr.30 w. and70gr.0m. being 31gr. 30m.the difference of 
their verſed fines wil be the ſame with the diſtance berween 
cheright ſinedf 50 gr: and 5$gr.30m. This difference I take 
out, and make it a parallell fine of the lefler fide 38 or. 30 m. 
ſo the parallell Radius wil be the fourth proportionall. Then 
coming to the ſecond operation, I make this fourth propor- 
tionall,a parallel fine of the greater ſide of po gr.o mand take 
out his parallell Radius: For this meaſured from 90 gr.toward 
the centcr,will be the verſed line of 31 gr.34mw. 

In the like ſort in the {ame triangleZ P $,hauing the ſame 
complements giuen, the angle PZ S which is the azimuth 
from the North part of the meridian, will be found 2130 gr, 
3 m.For here the baſc oppoſite to the angle required being 
70 gr. and the difference of the lides 3$gr. 30m. and 40 gr. 
being 1 gr.30 m. the difference of their verſed fines will be 
che {ame with the diſtance betweene the right lines of 20 gr. 
and 88 gr.30 m. This difference I take,and make it a parallel 
finc of the leſſer fide 38 gr.zo w. fo the parallell Radius will 
be the fourth proportionall. Then coming to the ſecond o- 
peration, I make this fourth proportionall a paralleNlfine of 
the greaterſide qo gr. and take out his parallell Radius, For 
this meaſured from 90 gr. beyond the center in the lines. of 
fines ſtretched forth ar their full length , will be the. verſed 
fine of 130 gr.3 m, | | 


2 I mayfinde an angle by knowing three ſides,by that 
which I haue clicwhere demonſtrated ypon Barth, Pitiſcus, 
and 
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and chat at one operation in this maner, 


As the ſine of the greater fide 
15 to the ſecant of the complement of the other fide: 
So the difference of fines of x18 complement of the baſe, 
and the arke compounded of the leſler fide with the. 
complement of the greater, 
cothe verſed line of the angle required. 


So in the ſame triangle Z P F, hauing the ſame comple 
ments gwen, the anglcat P,which ſheweth che houre from 
the meridian,will be found as before 31 gr. 34m, 

For the fides being 38 gr. 30m.and 50:gr.0m..T take the ſe- 
cant of the complement of 38 gr.zo0m. and make it a paral- 
lell fine of 70gr; then keeping the Ser at this angle, I 
confider that the complement of 70-gr. being 20 gr. added 
vato 38gr.zom.the compounded fide ( which 1s here the 
meridian altitude) will be 58 gr.zo m; and that the baſe be- 
ing 40gr. the difference of ines of the compounded fide 
and the complement of the baſe will be (as before) the di- 
ſtance betweene the (ines of 50 gr. and 58 gr. 30 wm, Where- 
fore I take out this difference, and lay it on both the lines of 
fmes from the center: ſo the parallel] taken in the termes of 
this difference,and meaſured from go.gr. toward the: center, 
doth giue the verſed line of 31 97.34 #7. 

Theotherangl:s PZ, P SZ, may be found 11\che ſame 
ſort; bur hauing the ſides and one angle, ir will be ſooner 
done by that which we ſhewed before in the 18. Prop. 


20 To find a ſide by knowing the three angles. 


If for the greater angle we take his complement to x80 gr. 
che angles ſhall be turned jpco ſides, and the fides into an- 
gles,& the operation ſhall be the ſame; as in the former Prop. 


21 To finde 4 ſide,byhawing the other two ſides, 
aud the angle comprehended. 


This propoſition being; the conuerſe of the nineteenth, 
7 JJ Way 
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may be wrought accordingly ; but the beſt way both for it 
and thoſe which follow,'s ro reſolue them into two reQan- 

les, by letting downe a perpendicular, as was ſhewed in the 
Firſt Prop. 

So tn the triangle ZPS, hauing ZP the complement of 
the latitude, and PS the complement of the declination, 
with Z PS the angle of the houre from the meridian , we 
may find Z $S the complement of rhe alcicude of the Sunne, 

For haning ler downe the perpendicular Z R by the firſt 
Prop. we have two triangles, ZR P,ZRS, both reQangle 
at R. Then may we find the ſide PR, either by the ſecond,or 
tench,or cleuenth Prop; which taken our of P $,leaucth the 
fide RS: withthisR Sand ZR we may find the baſe Z $ by 
the fourth Prop. 

Or hauing let downe the perpendicular SA,we have two 
reangle triangles S 24 Z, S 11 P.Then may we find 11 P, 
from which if we take Z P, there remainech 2 Z: but with 
AL and S M,we may findthe baſe Z FS. 


22 Tofinda ſide,by haging the other two ſudes,and one 
* of the angles next the inquired ſide. 


So in the triangle Z P S, hauing Z P the complement of 
the latitude, and PS the complement of the declinacion, 
with P.Z S the angle of the azimuth, we may finde Z S the 
complement of the altitude of the Sunne. 

For hauing Z P,and the angle at Z,we may to SZ produ- 
ced,letdowne a perpendicular P Y. Then we hauc two re- 
angle triangles, PVZ, P VS, wherein if we find the lides 
V Z,V S,and take the one out of the other,there will remain 
the lide inquired Z F, 


23 To finda ſide,by haning one ſide,and the two 
angles next the injuired ſide. 


So in the triangle AB D,hauing AB the place of the ſun, 
and B AD the angleof the greateſt declination, and AD B 
the 
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che angle of the equator with the horizon, we may find 4D 
the oblique afcencion. 

For having. let downe B C the perpendicular of declina- 
tion,we hauc two _— triangles, ACB, DCB, Then 
may we find AC the right aſcention,and D C the aſcentio- 
nall difference ; and comparing the one with the other, 
there remaineth A D. 


24 To find 4 [ide,by having twoangles,and the ſide 
. ancloſed by them. 


' Soirtthe triangle Z P S, hauing the angles at Z and P, 
with the {ide intercepred Z P, we may find the fide P S. For 
hauing ler downe the perpendicular Þ V, we haue two re- 
angles P V Z, P VS.Then may we find the angle V P Z,ei- 
by the feuenth,or fifteenth,or ſixteenth Prep, which added 
roZP S,makerh the angle V PS: withthisVPS and PV, 
we may find the bale PS,according to the 13 Prop, 


uP 


25 Tefind an angle by hating the other two angles: 
and the (ide incleſea by they. 


Soin'the triangle ZP S, haning' the angles at Z'and P, 
with the {ide intercepred Z P, we may finde the other angle 
Z SP.For hauing let downe the perpendicular Z R,we have 
rwo rectangles Z RP, ZR S. Then may we fide the angle 
PZR' by the ſixteenth Prop; and thar compared with 
PZS,leaveth the angle RZS: with this RZS and Z'R we 
may find the angle required Z $ R, according to the lixtt 
Prop. 


26 To finde an angle by haning the other two anzles, 
andene of the ſ1des next the inquired axgle. 


So in the triangle ABD, having the angles at A and D, 
with the fide A B,we may find the angle A B D. For hauing 


ler dowue the perpendicular BC, we haue two rectangles, 
| 7 ACB.,. 
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ACB,DCB. Then may we find the angles ABC, DBC, 


and take D B C out of A B C;for ſo thereremaineth the an« 
gle required ABD. 


27 To finde an angle,by knowing two ſides,and 
Lhe angle contained by them. 


Soin the w_ Z PS, having the ſides ZP, PS, with 
the angle comprehended ZP S,we may find the _ PZS. 
For hauing let downe the 7 pon SM, wehaue two 
retangles SMZ, $S MP. Then may we find thefide MP, 
and aka Z P out of MP, there remaineth MZ: with this 
MZ andthe perpendicular H S, we may finde the angle 
AZ S,by the F ans mar Prop. This angle M ZS,taken our of 
180 gr. there remaineth PZ S. 


28 To find an angle byknowing the two ſides next it, 
4nd oxe of the other anglts. 


So in the triangle Z P $, hauing the ſides Z P and PS, 
with the angle P £ S, we may find the my Z PS. For ha- 
ving let downe the perpendicular PY, we hanc two re&tan- 
ples P VZ,P VS.Then may we find the angles V PZ ,V PSz 
and taking V PZ ont of V P $,there remaineth ZP $,which 
yas required. 

Theſe 28 caſes are all that can fall ont in any ſphericall 
triangle: if any do not prefently vnderſtand them, let them 
once more reade ouer the vie of the globes, andthey ſhall 
ſoone become calic vnto themg | 
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The wſe of the Meridian line, 
CHAP. VI. 


Of the ſe of the Meridian line 
itn Nawpation. 


He Meridian line is here ſer on the ſide of the Seftor, 

ſtretched forth at full length,on the ſame plane with the 
Fine of /ines and Sohids,and is atuided vnequally toward 87 gr. 
(whereof 70 gr.are about one halte) in ſuch ſort as the Me- 
ridian in the cart of 1Zercators proieftion. The yſe of it may 
be 

1 To dinide a ſea-chart according to Mex- 
| cators protection, 


If adegree of the equator on the ſea-chare be cquall to 
the hundred part of the line of lives in the Seftry,the degrees 
of the Meridian ypon the Settor, ſhall gine the like degrees 
vpon the ſea-charr : if otherwiſe chey be vnequall, chen may 
the meridians of the ſea-chart be dinided in tuch forc as the 
line of Meridian: is diuided on the Sefor, by that which we 
ſhewed before in the $ Prop.of the line of lines. 

But-to auoid error, I hauec here {ct downe a Table,where- 
by the Meridian line may be diuided. out of the degrees of 
the equator, ſuppoling each degree co'be ſubdiuided into a 
rage my parts. By which Table,& the viuall Table of Size, 
T angents and Secants,the proportions following may be a'to 
reſolued arithmetically. For the maner of dini{1on,let the e- 

uator (or one of the parallels it it be a particular charr) be 
S—_ and diuided,and croſſed with parallell meridians, as 
in the common ſea-charr ; then iooke into tiie Table, and 
let the diſtance of 4o gr.in the meridian, from the equator, 
be equall to 43 gr.711 pares of the equator; let go gr. in the 
meridian from the equator, be equall to 57 gr. 999 paris of 
the equator; and ſo in the reſt, : 
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92 The ſe of the Meridian live, | 
If any deſire to haue his chart to agree with his Seer, he 
may make each degree of longitude equall to the renth pare 
of the line of /ines, and diuide. the meridian of his 
out of the Sector : ſo ſhall cach degree of the chart, be ren 
etimesas large as the like degree on the Se&or, and the worke 
be caſic from the one tothe other, 


2 To find how many leagues anſwer to one degree 
of longitude in enery ſeuerall latitude. 


In failing by the compaſle , the conrſe holds ſometime 
ypon a great circle, ſometime vpon a parallel ro che equator; 
but moſt commonly vpon crooked lines winding towards 
one of the poles, which lines are well knowne by the name 
of Rumbs. | 

If the courſe hold vpon a great circle, it is either North or 
South,vnder fome meridian, or Eaſt or Weſt, vnder the e- 
quator. And in thele caſes, euery degree requires an allow- 
ance of twentic leagues, cuery twentie leagues will make a 
degrees difference in the ſailing : ſo that here needs no fur- 
ther precept then the rule of proportion in the Chapter of 
lines.. | 

Bur if the courſe hold Eaft or Weſt , on any of the paral- 
lels to the equator; 


As the Radius | 
16 ro ewentie leagues, the meaſure of one degree 
at the equator: | 
Sothe fine of the complement of the latitude 
tothe meaſure of leagues anſiwering-to. one degree 
in that latitude, 


Whereforc I take 20 leagues out of the line of lines, and 
make it a parallell Radius, by fitting it ouer in the lines of 
590 and 90: ſo his parallell ſine taken out of the complement 
of the latitude, and meaſured in the line of /ines, ſhall ſhew 
the number of leaguesrequired, 
| ; Thus 


The fe of the Meridian line. 

Thus in the laticude of 18 gr.12 ws. we ſhall 
find 19 leagues anſwering to one degree of lon- 
girudc, and 18 leagues inthe latitude of 25 gr. 
15 #9. and as in this Table, | 

This may be done more readily without ope- 
ning the SeQor, by doubling the ſine of the 
complement of the latitude, as may appeare in 
1c ſame example. | 
t may alſo be done by the linc of meridians, 
irheepon the Setor,orvpon the chart. For if 
ve opera paire of compalles to the -quantitic 
. ff one degree of longirude in the equator, and 
weaſure 1t in the meridian line, ſetting one foot 


«5 much aboue the latitude giuen, as the other 


Alleth beneath it, ſo that the latitude may be in 
the middle betweene the feete of the compalles, 
the number of leagues intercepred ſhall be that 
hich was required, 

But if the courſe hold vpon any of the rumbs, 
berweene a parallel] of the equator and the me- 


ridian, we are to conſider betides the quarter of | 


the world to which we tend,which muft be al- 
ayes knozwne, 


þ 


3 To finde how many leagues do anſwer to one degree 


of latitude in euz'y ſeucrall Rumb. 


As theſine of the complement of the rumb fro the meridian, 
1s to 20 leagues the incafure of one degree at the meridian: 


Co the Radius 


co the leaguesanſycring to one degree vponcthe Rumb. 
O' 2 


1900. 

Wherfore I take 20 leagues out of the 
line of limes, and makeir a-parallell fine 
of the complement of the Rumb from 
the metidian; ſo his parallell Radius ta- 
ken and meaſnred in the line of /jner, 
ſhall ſhew the number of leagues requi- 
red, | 

Thus in the firſt Rumb from the me- 
ridian, we ſhall finde 20 /gs 39 parts an- 
ſwecring to one degree of latitude , and 
21 gs 65 parts in the fecond Rumb,&c. 
asin this Table, where we (ubdiuide 
each lcague into a hundred parts, and 
{hey belides what inclination the rumb 
hath to the meridian, 

This may be done more readily with- 
out opening the Se&or, by doubling the 
ſecant of the latitude, as may appearc in 
the ſame example. 

It may allo be done vpon the chart, 
if we take the diſtance vpon the Rumb 
berweene two parallels, and meaſure ir 
in the meridian line, as farre aboue che 
greater latitude as beneath the leſſer, 
For ſo the number of leagues intercep- 
ted, ſhall be that which wasrequired, 

This conſidered in generall, I ſhevr 
more particularly in twelue Prop.tollow- 
ing, how of theſe foure any rwo being 

gen, the other two may be found, 
both by Ceroators chaic , and by this 
Settor, 
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The ſe of the Meridian line. 


2 pan wes 


>v\ſnelind- 
R '2i5 to the]! 


The ve of the Meridim line. JoI 


r Ey one latitude Rumb and diſftaiice to find 
the difference of latitnats, 


As the Radius 
to the line of the complement of the Rumb from the me- 
So the diftance vpon the Rumb, (ridian? 


eo the difference of latitudes. 


Let the place giuen be A in the laticude of gogr. C ina 
7reater latitude, bur vnknowne, the diſtante ypon the Rumb 
ou 2 6 gr. berweelie themy and the Rumb the third from 
the meridian, 

Firſt I rake6 gr, for the diſtance ypon the Rumb, out of 
the line of lines, and make it a parallell Radius, by putting it 
ouer in the lines of govand go. Then keeping the Setter at 
this angle,l take ourche parallell fine of 56 gr.t5 m.which is 
che fine.of the complement of the third Rumb from che me- 
ridian,and meaſuring it in the ine of /ines,T find it to be gr, 
and fuch 15 the difference of latitude required, 

Or I may take out theſine of 56gr.15 mr. for the comple- 
wn of the third Rumb from the meridian, make it a paral- 
lell Radins; then keeping the SeFor at this angle, I rake 6 gr. 
for the diſtance, either our of the line of {ies, or atiy other 
: ſeale of equa! parts, or elſe our of the meridian line, and lay 
ir on both (ides of che Sefor from the center , eicher on the 
line of {nes or fines : fo the parallell taken from the termes of 
this diſtance, and meaſured in the ſame fcale wherein the dt- 
tance was meafured, ſhall thew the dittexence of latitude to 
be 5 gy. as before. 

But in thorter diſtances, fuch as fail within the- compalle 
ef adayes ſailing,this worke will hold nmch better. As may 
2ppeare by comparing the worke with the Table tojtowing: 
where the numbersin the front do fignifie the leagues;thote. 
{a the fde,the Rumb; and the reft 1n tixe middleythe diffe- 
rence of latitude, 
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104 The vſe of the Meridian line. 


In the Chart let a meridian A B be drawne theionph 4, 
and in A with AB make an angle of the Rumb 3 {C, Then 
open the compatſles,accrding tothe latitude of thc places, to 
E F the quannitie of 6 gy, tt-the meridian, transferring them 
into the Rumbfrom A to C, and through C draw the paral- 
le!l B C, croftivg the meridian AP in #: ſo the degrees in 
the meridian from A to B,ſhall ſhew the difference of latirude 
to bes gr. | : | | 


2 By the Rumb andboth latitudes ts find the 
d:tance pon the Kumb. 


As the fine of the complement of the Rumb from the meri- 
:5 to the Radius: (dian, 

So the difference of latitudes, | 
tothe diſtance vpon the Rumb. 


As if the places giuen were in the latitude of 5o gy. 
C in the latitude of g5 gr. and the Rumb the third from the 
meridian. 

Here I may take 5 gr. for the difference of latitude out” of 
the line of Zines, and put it oner in the line of 56 gr. 25 mm, for 
the complement of he third Rumb from the meridian. Then 
keeping the Sedtor ar this angle, I rake out the parallel Ra- 
dius,and meaſuring it in the line of /ives, I find it to be 6 gry. 
and ſuch is the diſtance vpon the Rumb, which was requi- 
red. 

Or I may take the laterall Radms, and wake it a parallel] 
fine of 56 gr. 15 m. the complement of the Rumb from che 

 meridian:then keeping the Sector at this angle, I rake o gr. 
for the difference of latitude, either out ofthe line of /-eg, 
or out of ſome other ſcale of equall parts, and lay it on both 
fides of the ScQor from the center, either on the line of /mes 
or of fives. ſo the parallell raken from the termes of this ciffe. 
rence, and 1yeaſured in the ſame ſcale with the difference, 
ſhall ſhew the diſtance vpon the Rumb to be 6ygr. or 220 


leagues, | 
; ” Or 


m—_—_— 
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The wſe of the Meridian line; 105 


Or keeping the Sefoy ar this angle, I may take the diffe- 
rence betweene 50gr.and 55 gr.out of the Aeridian line.and 
meaſuring it in the cquator,] ſhal find it to be equall to R gr. 
22 p.of the equator, Vheretore I take the parallel! betweene 
$22 and 322 outot the line of /zzes, and meaſuring 1t in the 
line of Les Þ hail fndic to be 989; which ſhewes that accoy 
dmg ro this protection, the diſtance vpon this chird Rumb, 
aniwerable to the tormer diſtance of latitudes, will be equal! 
ro 9 gr .$9p.ot the equator, 

Or the Sector remaining at this angle,T may take rhe di+c- 
rence betweene 5O gr. and 55 27. out of the Aeridian Inc, 
and lay it from the center on both {ſides of the Sefor, cithe; 
on the line of /ines or of Fes: {o the parallell taken fron the 
:cxmes of this difference, ſhall be the yery line of diſtance re- 
quired,che faine with 4 C or E F ypon the chart;which may 
{crue for the better pricking downe of the diſtance ypon the 
Rumb,wichout taking it forth of the AZeridias line,as in the 
former Prop. 

Orifthe Rumb All nearer to the equator,that the lateral! 
Radius cannot be fitted ouecr init, this propofition may be 
wrought byparallell entrance, | 

For if I brit take out rhe {ine of 56 gr.15 7, and make it a 
paralle]l Radius, by ficting it oucr 1n the fines of go and 90, 
or in the cnds ofthe lincs of lines, and then take x pr. forthe 
ditfercnce of latirudes our of the line of /zxes, and carrie it pa- 
rallellto che tormer, I ſhall find it to crolle both lines of hzes 
in the points of 6: and fo it gives the ſame diſtance as be- 
tore, 3 

Or if the diftance be ſmell, it may be found by the former 
Table. For the Rumb being found in the {ide of the Tat1 :, 
andthe difference of latitude in the ſaine line; the top of the 

columne wherein rhe difference of latitude was found, ſhall 
giue thenumber of feagues in the diſtance required, 

Or we may finde this diſtance in the Table of Rumbs in 

the fift Prop.toJlowing. For according to the example looke 


intothe Table of the third Rumb tor 5 gr.of laticude, and 


there we ſhall finde 6 gr.or parts vnderthe title of diſtance. 
2 


. [ . 
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196 Thewſe of the Meridian live, 


So if the difFerence of latitude vpon the ſame Rumb were 50 
gr. the diſtance would be 60 gr.I 3 parts, It the difference of 
lacitude vpon the ſame Rumb were onely + of a degree, the 
ditance would be onely 60 parts,{uch as 100 doe make a de- 
gree, = 

\ Inthe chart let a Meridian AB be drawne through A,and 
parallels of latitude through A and C;& then in 4 with A B 
make an angle of the Rumb B AC : ſo the diſtance taken 
from eto C, and meafured in the Meridian line,according 
rothe latitude of the places, ſhall be found to be 6 or,01 120 


. leagues. And ſuch is the diftance required. 


3 Bythe diſtance and both latitudes 
to find the Rumb. 


As the diftance vpon the Rumb, 
ro the difference of latitudes: 

So is theRadius (ridi1n, 
to the ſine of the complement of the Rumb from clre Me- 


As if the places gen were A in the laticuge of 50 87, 
C in the 1:cicude of 55 gr. the diſtance berweene them being 
6 gr,vpon the Rumb. Firſt I cake 6 gr.torthe diſtance VPON 
the Rumb,and lay it on both {ides of the Seer from the cen- 
ter; then out of the ſaine ſcale I take 5 gr, for the differcnce 
of latitude,and to it open the Seftor in rhe termes of the for- 
mer diſtance: ſo the parallell Radius taken and meafured in 
the fines,doth gine 56gr.15 m. the compleinent whereof 3 3 
87.45 m.1sthe angle of the Rumbs inclination to the Meri- 
dian,which was required, 

[n the chart lera meridian AB be drawne through 4,and 
parallels of latirude both through A and C; then open the 
compatlles according to the latitude of the places to EF the 
quantitie of 6 gr.1n the meridian,and ſetting one foote in A, 
rurne the othertill it crolle the parallell B C in C, and draw 
theright line A C: ſothe angle B A C ſhall ſhew the inclina- 
tion ofthe Rumb co the Meridian to be 33 gr.45 m.as before, 
Theſe 


The ſe of the Meridian line, I07 


Theſe three laſt Prop. depend one on the other , and may 
be wrought as truly by the common ſea-charr 25 by this ot 
Mereators protc eQtion: and therefore in working them bs 

he Sefor,the diftznce and rhe difference of latitudes ma IV 4s 


y, ci] or be ter be taken ont of the line of tines Civhich here 
repr *{enterh the cc 184tOr; Or any other line of equal] paris, 


13 our of the inlarge > degrees in the meridia line. Burinthe 
nyo We 1005 Fo plow ing,the diets of longin 146 mutt be 
£en our of the equator; the ditterence of laticudcs and di 
Proj :e vpon'the Rumb, muſt alwayes be taxen ont of cho me- 
ridian linc; which ] hes efore call the proper Atifcrence. ad 

Proper « ditta NCC. 


4 By the longitude and latitude of two places 
to find the Rumb. 


As it the places gmen were A. in the latitude of 50 gr. C 
in che latitude of 55 gr. andthe difference of longirude be- 
rrvecnt chem were 5 gr.30 mm, 

In the c1art let meridians and parallels be drawn through, 
Aand C,and a ſtrarghr line for the Rumb from A to C; then 
by tat we thewed Cap.2.Prop.g.inquire the quanritic of the 
angle B A C,andit (hall be found to be 33 gr.45 m. which :5 
che third Rumb from the Meridian. Wherefore che propor 
tion holds for the Seffor, 


As AB the proper difference of latitude, 
15to B C the difference of longirude? : 
So A B as Radius, 
ro B C chetangent of the Rumb from the Meridian. 


According to thus I rake the proper difference of latitude 
trom 5ogr.to 55 gy. out of the ne of meridians, and lay it on 
both {ides of the Seftor fr om the center;then I takethe diffe- 
rer.ce of longitude 5 gr.= our of the line of lines, andto it 0- 
pen the SeFor in the rermes of the former difference of lati- 
tudes: fo the paralic Il Radius taken from betweene 9o and 
90,and meaſured in che greater targenrt on the {ide of the Se- 

P 2 tor, 


Hor,doth giue 33 gr.45 m. forthe Rumb required, 
But if the Rumb fall nearer to the equator; 
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the third rumb from che Meridian, 
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the angle of the rumb from the meridian BAC, (as was 
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tv-cene B and C,ſhall be found to be 5 g7.*, the difference of 
longitude which wasrequired . Wherefore the proportios 
holds for the Sefer, . 


As 4 B che Radius, 

to B C the tangent ofthe rumb from the meridian; 
So AB asproper difference of the latitudes, 

to B C tae difference of longitude, 


Accordin g 


The woe of the Meridi:n line; tog 
According to this we may take the tangent of the Rumb 
which 1s here 3 3 gr.45 m.from the meridian,our of the grea- 
ter tangent on the fide of the Seffor, and putting it ouer be- 
rweenc 90 and 99,make it a Radius: then keeping rhe Setor 
at this angle,rake the proper difference of latitudes from Fo 
gr.to 55 gr.out of the line of Aeridians, and lay it on both 
1:des of the Sefor from the center: ſo the parallel raken from 
the termes of this difference,and meaſured in the line of lizes, 
all ſhew the difference of longitude ro be gr... 
Or if the Rumb tall nearer the equator, 


ASDC the tangent of the R-mb from the equator, 
to A D the Radius: 
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line of meridians, and carric it parallel! to the former : fo we 
ſhall find it co crotle the line of lines in 5 gr.5. Andthis is the 
difference of longitude required,the fame as before. 

But if this difference were to be found by the 'cominon 
ſea-chart,it ſhould (eeme to be only 3 gr.20 x.which is more 
then 2 gr.lefe then che truth. And yer rhis error would be 
greater,it eitherthe lari:ude be greater,or che Rumb fall nea- 
rer the equator: as may appeare by comparins the common 
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[heſe tables are calculated for each of the Rumbs, * 

The frit ſeuen haue three columnes, ard of them the fx 
containech the degrees of Latitude,from the EquinoQiall to 
the Pole: the ſecond doth giue the difference of Longitude; 
and the third the diſtance, both otthcm belonging to that 
Rumb and latitude, - 

As in the Table of the third Rutnb; at the /atit#de of 50 
Gr.I fnd vnder the title of Longitude 38 Gr.G&g parts,and vn- 
der the ritle of Dsſfance 6o Gr.13 parts. This ſhev.esrhat it the 
courſe held conſtantly on the third Ruwb from the Equi- 
notiall ro the Latirude of 50 Gr. the difference of [ ong1- 
tude would be 38 Gr, 6g parts of a 1co, and the diſtance vp- 
on the Rumbe 60 Gr.13 pares, For here ] reckon the diſtance 
by degrees, rather then by leagues or miles, and ſvbc:u:de + 
each degree into 1co parts, rather then into 60 winures, tor 
the more eaſe in calcujation,and withall to make the calcu- 
lation to agree the better, borh with this,and my Creſſe-ſtaffe, 
and other inſtruments. 

The vſe of thele Tables, for the finding of the differcnce 
of Longirude, 1s this. Tune to the table oft the Rumb, and 
there ſee whar longitude belongeth to cither latitude, then 
rake che one longitude out of the other, the remainder wall 
be the difference of longitude required, 

Asin theformer example,where the places gwen were A, 
in the latitude of 5o Gr. C in the latitude of «5 Gr. and the 
Rumb the third trom the meridian : I looke into the table 
of the third Rumb and there find, 


Laticude 50 gr. Longitude 38 gr, 69 parts. 
Latitude 55. Longitude 44. 19. 


Therefore the diff, of Longitude $5 50 


There is another vſe of theſe tables, for the deſcribing of 
the Rumbs both on the Glebe,aud all forts of Charts, For ha- 
uing drawne the circles of longitude and latitude , and fin- 
ding by the tables, the difference of longitude belonging to 
each Rumb and latitude: It wemake a prick in the Þh : 


1art, at 
cucry 


OI 


euery degree of latieude, according to that difference of lon- 

gitude, and draw lines through thoſe prickes, ſo as they 

make no angles, rhe lines ſo drawne ſhall be che Rumbs re- 
uired, 

Thevſe of the eight Rnmb is ſomething different from 
the reſt. For there being here no change of laticude,[I haue ſer 
to each laticude, the difference of longitude, belonging to 
one degree of diſtance, and the diſtance belonging to one 
degree of longitude. 

As if twa places ſhall be 20 leagues, or one degree diſtant 
one from the other, in the latitude of 50 gr. the difference of 
longitude berweene them will be 21 gr.5F parts. Bur if they 
ditfer one degree in longitude, the diſtance betweene them 
will be onely 64 parts,wiich fall ſhort of 13 leagues,or at the 
molt 6428 parts, ſuch as 10000 do make a degree. 


6 By the difference of longitude, Rumb,and one 
latitude, to find the other latitude. 


As if the places giu-n were A, in the latirude of fo gr, C 
in a greater latitude bur vaknowne, the diiference ot longi- 
rude 5 gr.z, and the Rumb the chird from the Meridian. 

In the chart let 4 B,DC,meridians, be drawne through 4 
and C, according to the.ditference ot longirude, one 5 gr.* 
from the other; anda para'lel] of ]aticnde through A, erot- 
ling the meridian CD in D : chen in A,wvich A B, make an 
angle of the Rumb B A C:40 che degrees in the meridian 
berweene D and Cthail be toundrco be 5 gr.the proper ditfe- 
rence of latitude wich was required. Vherefore the propor- 
tion holds for the Sefor, 

As A D the Radims, 

tro DC the tangent ofche Rumh from the equator : 
So A D as difference of longitude, 

co DC the proper difference of latitude. 


According to this,I take 56 gr.15 m. forthe angle of the 


 Rumb from the equator, our of the greater T angert, and 


make 
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make it a parallell Radius Then I reckon 5 gr.5 in the line of 
lines from the center,for che cifference of ivngitude. So the 
parallel! caken from the cermes of th1s difference, and meaſu- 
redin the line of meridrars, ſhal reach trom 50 grathe latitude 
giucn,to 55 gr which is the lacirude required, 
Or if the Rumb fall nearcr ro the meridian, 
As BC thetangent ofthe Rumb trom the meridian, 
istro A B the Radivs: 
So BC asditference of longitude, 
to AD the proper difference of lacirude, 


According to this we may beſt work by parallel entrance; 
firlt rake 33 gr.45 m.tor the angie ofthe Rumb trom ihe we- 
ridian,out of che greater Tangent, and make it a parallcll Ra- 
dius; then take 5 gr. tor the difference of longitude out of 
the line of /ines, and carrie 1c parallell to the forincr, ill che 
feete of the compalles ftay in hike points: ſo the line between 
the center and the place of this ſtay, being taken and meaſu- 
red in the line of meridians from 50gr.torward, ſhall ſhew the 
latirude required co be 55 gr. as1n the former way, 

The like may be found by che tables of Rumbs. For in the 
table of che chird Rumb, ac che latitude of 50 gr. I finde the 
longirude of 38 gr.69 p;to this 1t I adde 5 gr.5o p.tor the ditfe- 
rence of longitude giuen, the compound longicude will be 
44 27.19p. and this anſwers to the latirude ot 55 gr. 

Bur it this difference of laritude were to be tound by the 
common ſea-charrt,it ſhould ſeeme to be 8 gr.13 mzand {othe 
ſecond latitude ſhould be 58 gr.13 m. which 1s aboue 3 gr. 
more then the truth, 


7 By one latitude,rumb,and diſlance, to find 
the difference of longitude. 


As if the places giuen were eA in the laritude of 50 gr. 
C in agreatcrlatirude but vnknowne, the diſtance vpon the 
Rumb being 6 gr.betweene them, and the Rumb che third 
from the meridian, | 


In 
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Fn the chart, ler a meridian A B, and a 'paratie# AD be 
drawne through A;andin A,with A B,make an angle BAC 
for the Rumb from che meridian; then openithe'tompalles 
aceording to the lacigude. of cheglaces.xo Z F, the quanticic 
of 6 gr.1n the meridian, transerring them into the Rumb 
from-A ro C, and through C draw another meridian D. C, 
croſſing the parallel} drawnerhrough A in D : ſo the degtees 
intercepted in the parallell from A to D, ſhall ſhewthe-diffe- 
rence of longitude required to be about 5 gr.5.- Whicreford 

the proportion holdsfor the Seori! © *. 5»! 457 | 
As A C the Radius, T1 H (meridian! 
is ro AD,equall to B C,the ſine of the Rumb from the 

- : So A Cas proper diftance vpon the Rumb,- | 
to A D the difference of longitude, —- 


Ft 
fi O19 (14 


According to thisI take the ſine of 33 gr.q45 me. for the an- 
ole of the Rumb from the meridian, and make it a parallel! 
Radius; then keeping the Sedor ar this angle, T rake 6 gr,for 
the diſtance out of che meridian line, according ro the eſtima- 
ted latitudes of both places, and lay it on bath (ides of the Se- 
Hr from the centcr: ſo the parallel] raken from the rermes of 
this diſtance,and meaſured in the lines of /ines, ſhall ſhew the 
difference of longitude to be about 5.gr.+. 

In-this, and ſome of the Prop.tollowing , where there is 
but one latitude knowne, there may be tometines an error 
of a minute or two,in the cſtnmation of the proper diſtance, 
yet it may be rectified at a ſecond operation. 

This propoſition may alſo be wrought by the Tables of 
Rumbs, For according to the example, in the Table 'of the 
third Rumb,at the latitude of 50 gr. I find the longitude of 
38 gr.69 p. andthe diſtance of 60 gr.13p. tothis I a'de 6 'gr. 
for the diſtance giuen; ſo the compound diitance will be 66 
gr.13p. and this anſwersto the longicude of 44gr.19 p; then 
if I rake the one longicude out of the other, the difference 
will be 5 gr.50 p.as before, - | 

Bur if this difference were to be found by the common 
ſea-chart, ir ſhould ſeeme to: be onely 3 &. 20 m. which is 

R more 
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mote thin'2.gr. leſe che 'the ruth, = 
Þ. By ane laticud:Rumband d:fference of longtcades, 
2p 212.4. Fo findehe diſtances” | © . 


(773.132 2187 be F'2. : Pr 5 | | 
> As if the places giuen were A,in the larirude of go gr. C 
in a greater latitude but vaknowne;, the difference of Jong i- 
cude betweene them being 5 gr.5,. and the Rumb the third 
from che.meridian. . 1 pO s | | 
In the chart ler A B, D C, meridians be drawne through 
A and C,:ccording to the difference of longitude, and a pa- 
rallell of latitude through 4, croſſing rhe meridian DC in 
D; then in eA,with A B,make an angle of the Rymb BAC: 
fo the diſtance on the Rumb from 4 to: C taken and meaſu- 
red in the meridan,according tothe eſtimated latitude of the 
laces, ſhall be found tobe 6 gr. Wherefore the proportion 
holds for the Seltor. | 
As AD,cquall to BC,the ſine of the Rumb from tlie meri- 
isto A C the Radius: (dian, 
So A D as difference of longitudes, 
to A C the proper diſtance vpon the Rumb, 


According to this,I take the laterall Radius, and make it a 
parallell ſine of 33 gr.45 wv. whach is here the angle of the 
Rumb from the meridian ; then I reckon 5 gr.* in the lines 
of nes from the center, for the difference of longitude : fo 
the parallell caken from the rermes of this difference, and 
meaſured in the linc of meridwens, according tÞ the latitudes 
of the places, ſhall there: ſhew the diſtance required ro be a- 
bout 6 gr. which are £20 leagues. | | | 

Or it the Rumb fall nearer ro the meridian,rhat the lateral 
Radius cannot be fitted ouer in his fine , this Prop, muſt 
be wrought by parallel} entrance, and fo allo it gmesthe 
fame diſtance as before. | | | 

Or we may find this diſtance by the Table of Rambs. For 
in the table of the third Rumb,arrhe latitude of 5o gr.I find 
the longitude of 38 gr.69p. and che diſtance of 60 gr.iz p. 

| To 
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To this longitude here found, adde 5 gr.50 p.for the diffe= 
rence of longitude given :{o che compound longitude will 
be 44 gr.19p. and this anſwers ro the diſtance of 66 gr.15 p. 
Then 1t I cake the one diſtance our of che orher,the remain«+ 
der will be 6 gr.02 p. for the diſtance required, . 

Bur if this arſtance were to be meaſured on the common 
ſea-chart, it ſhould ſceme to be almoſt 10: £ cox atthe leaſt 
197 leagues, abouc. z7 leagues mare then che trurh, - 


g By one latitude, diſtance, and difference of lon- 
gitudes, to find the Rumb. 


As if the places giuen were eA,in the latitnde,of 5o gr. C 
in a greater latirude but vnknowne, the difference of longi- 
rude berweene-them being 5 gr.=, and the diſtance 6 gr. 
vpon the Rumb. ; 

In the char let AB,DC,meridians,be drawne through. 4 
and C, anda parallel of latitude through eF; then open the 
compalles according to the latitudes of the places,co E F the 
quantitie of 6 gr.in the meridian, and ſerring the one foote 
in A,the other foote ſhall crotie the other meridian in C;and 
if we draw the rightline AC, the angle BAC thall ſhew the 
inclinacion of the Rumb. to the meridian to be about 33 gr, 
45 m. Wherefore the proportion holds for the Sedtor, 

As AC the proper diſtance vpon the Rumb, 
isto A D chedifference of longitude: 
So AC as Radius, 
to AD;equallto B C, the fine of the Rumb from the 
meridian, 

According to this,I take the proper diſtance 6 gr. out of 
the line of meriajans, and lay ir on both ſides of the Sefor 
from the center;then I take the difference of longirude $ gr. 
 outof the.line of /ines,and to iropen the Sefor jn the terms 
of the former diſtance: ſo the parallel{ Radius taken from be+ 
rweene 90 and g$0,and meafuredin the fſres,doth giue about 
33.87.45 m. for the Rumb required; 

Ryr if chis Rumb were to be found: by the common fſea- 
R 2 chart, 
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chartit ſhould ſeeme to be aboue 66gr. and fo almoſt the 
ſixt Rumb fromthe meridian, p 


10 Fythe lonzitude and latitude of two plates, 
to find their diſtance pon the Rumb, 


© Let'the Sefor be'opened in the lines of lines,ynto a right 
angle (as wasſhewed before Cap.2.Prop,7;) then take out the 

roper difference of latitude,and lay it on the one line, and 
the difference of longitude,andlay it on the other line, ſo 
as they may both meete in che center, marking how far they 
extend. Forthe line taken from the termes of their exten- 
fion, and meaftred in'the meridian, according to their lari- 
cudes, ſhall ſhew the diftance required, 

So if the places given: wete Land C, A in the latitude 
of5ogr.C inthe latitude of 55 gr. the proper difference of 
fatirude ſhall be ctheline A B, and let BC the difference of 
longitude bes gr:5, we ſhall find that AC the diſtance vpon 
the Rumb is about 6 gr. which make 120 leagues. 

For in the chart,let an'occult meridian be drawne through 
A, anda paralleil of latitude through C, crotling che former 
meridian in B, and a right line for che Rumb from A co C, 
ſo-haue we a reangle triangle A B C,whoſe bafe A C,taket 
and meaſured in the meridian from E below 5ogr. to F, as 
much aboue 55 gr.doth containe the quantirie of 6 gr. 

In the fame maner the Sefoy being open. d to a right an- 
gle, in the lines of /ines : it we take the difference of latitude 
out of the line of meridians,;n his proper place from 50 gr. to 
55 gr. and place it on oneot the fides from the center, to re- 
tembte A 8, then reckon the difference of longitude on the 
other perpendicular line from the center to 5 gr.5,in ſtead of 
B C, vc thall hane the hike retangle triangle on the Setho#,to 
that which we had betore on the charc; -and if we take our 
the baſe of it, and meaſure it in the line of mwer1dtans from be- 
low 50gr. to-as much aboue 55 gy. we ſhall finde as before, 
thar ir containeth abour 6gr.or 1264eagues, 

Bur-it this dittance were to be meaſured onthe common 
{ea- 
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ſea-chart,it ſhould ſceme to be almolt 7 gr., or 145 leagues; 


which is 25 leagues more then the truth, 


11 Bythe latitude of two places, and ths diſtance vpon 
the Rumb, to find the difference of longitude. 


Let the S-or be opened in the lines of /ines to 2 right an- 
gle, then take out the proper difference of latitudes,and lay 
it on one of the lines from the center, then take the proper 
diſtance with a paire of compalles, and ſetting one foote in 
the termes of the difference, turne the other foote to the 0+ 
ther line of the Sefor, and it ſhall there ſhew the difference 
of longirude required. 

So if the places giuen were A, in the latitude of 5o gr. C 
in the latirude of 55 gr. with 6.gr.of diſtance one from ano- 
ther,we ſhall find their difference of longitude to be abour 
5 gr; 

For in the chart let a meridian A B be drawne for the one, 
and BC, A D, parallels of latitude for them both. Then open 
the compatles according to the latitude of the places, to E F 
the quanrtitie of 6 gr.in the meridian,and ſctring one toote in 
A,hauing latitude of 50 gr. turne the other to the parallel 
of 55 gr. and it ſhall there cut off the required difference of 
longitude B C's gr.<, 

In the ſame maner,the Seor being opened to a right an- 
ole,in the lines of axes: 1f we rrke the difference of Jaticude 
out of rhe-line of meridians in his proper place from 50 gr. 
vato 55 gy. and place it on one of the lines from the center; 
then take 6 gr.the diftance vpon the RumH out of the ſame 
line of meridians, according to the [acitudes of the places, and 
ſet che one foote in the terme of the former difference, tur- 
nag the ocher foare to the other perpendicular line, we 
ſhall inde char it will crotle it about y gr. from che center: 
which is the difference of longitude required. 

Burt if this difference of longitude were to be found by 
the common.ex-chart, t;xwould feeme to be only 3 gr.20 2. 


* 


which 1s more then 2 gr.10m.letſe then the crath, 
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12 By one latitude, diſt :nce aud difference of lowgitudes, 
zo finde the dijerence of latituaes. 


Let the Seer be opened in the line of Lixes to a righe an- 
le, andler the difference of tongitude be r:ckoned in one 
of thoſe lines from the center; then take the proper diſtance 
with a paire of compatles, and ſ{ccting che one foore in che 
terme of the former difference, turne the other foore re the 
other line of the SeFor,and it ſhal thence cut off a line,equal 
to the proper difference of latitude required, +» 

So it the places giuen were A and C, A in the latitnde of 
go gr. Cin a greater latitude but vnknowne, the difference 
of longitude betweene them x gy.5, and the diſtance vpon 
the Rumb &gr.or 120 leagues, we ſhall ind the ditference of 
latitude to be x gr. 

For in the chart, let occult meridians be drawne through 
A and C, anda parallell of lacirude through A; then open 
the compatlles according to the eſtimated lacirudes of the pla- 
ces to E F the quanritie of 6 gr. in the meridian, and ſetting 
the one foore in A, turne the other to the meridian drawne 
through C, and it ſhall chere cut off rhe line D C, which is 
the difference of latitude required, 

In the ſame maner,the S-&or being opened to a right an- 
gle,in the lines of lines, if in the one line we reckon the diffe- 
rence of long icude from rhe center to g gr.5, then taking 6 
gr. for the diſtance our of the line of Meridians,according to 
the latitude of the places, we ſet the onefoote in the terme of 
the given difference, and turne the otherfoote to the orher 
perpendicular line , we ſhall inde thar ir cutsa line from it, 
which taken and meaſured in the line of meridians, from 50 
gr.on torward, doth ſhew the difference of latitude ro be as 
before 5 gy. | 1-5 

Bur 1t this difference of latitude were to be found by the 
common ſea-chart,irwould ſeeme to be only 2gr.25 m.which 
1s 2 gr.35 m.Ictle then the truth, Such js the difference be- 
rweene both thele charts, | 
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| Containing the vle of the particular 
| Lines, 


| T H E lines of Jines, of ſuperficies, of ſolids, of fines, with 


the laterall lines of tangents and meridians, whereof I 
haue hitherunro ſpoken, are thoſe which I princi- 
pally intended: that little roome on the Sefor which remai-, 
neth,-may be filled vp with ſuch particular lines as each one 
ſhall chink conuenient for his purpoſe. haue made choiſe of 
fuch as I choughr might be beſt prickt on wichout hindring 


the ſight of the former, viz. lines of YuMratare,of Segments, 
; of 1nſcribed bodies, of Equated bodies,and of Mettals, 
CHAPEL 
k 
| Of the lines of Quadrature. 

| 

YG th e lines of quadrature may be knowne by the letter 2, 
| and by their place berweene the lines of ſmes, © [i9nzh- 


| quall ſides, 6 of an hexagon with ſix cquall fides, and fo 7,8, 
| 9, and 10, S ſftandsfor the Semidiamerer of a circle, and go 
for aline equall togo gy. in the circumference. The vie of 


| 
them may be 
1 
1 


1 To maikea ſquare equall toa circde gruen. 
þ 2 Tomaltacircieequall to a ſquare ginesn, 


If the circle be firſt giuen, take hisfemidiamerer an to jt 
epen the Seffor in the pomts ar S:{o the parall. If 12» from 
| betweene the points at ©, ſhall be the fide of th :- 8 
quired, 


eth the ſide of a ſquare; 5 the {ide of a pentagon with fie e-. * 
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Of the lines of Quadratare' 
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If the ſquare be given take his ſide,and to it open the Se- 
For,in the points at 2: ſo the parallell taken from betweene 
the pointsat S, ſhall be the Semidiameter of the circle requi- 
red. 

Ler the Semidiameter of the circle giuen be A B,the {ide 
of the ſquare cquall vnto it ſhall be found to be C D. 


3 Toreduce a circle ginrn,or a ſquare into an equal pen- 
£ag 01,07 other like ſided ana like aneled figure. 


Take the ſide of the fignre giuen,and hit it over in his due 
points: ſo the parallels taken from betweene the points of 


the 
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Of the limes of Quadratare: 2g 
the other figures, ſhall be the ſides of thoſe figures: which 
being made vp with equall angles, ſhall beall equall one ro 
the other, | 

Let the Semidiameter of the circle ginen be AB,the ſide of 
an hexagon equal to this circle,thall by theſemeanes be found 
to be GH;and the ſides of an oftagon to be I K.Other planes 
not here ſet downe,way firſt be rednced into a fquare,by the 
ſixt Prop. Saperf. and then into a circle , or other of theſe e- 
quall figures,as bctore. 


4 To find aright line, equall to the circumference 
#f a circle, or other part thereof. 


Take the Semidiameter of the circle giuen, and to it Oper: 
rhe Sefor in the points at S; ſo the parallell raken from be- 
twecne the points ar go in this line,ſhall berhe fourth part of 
the circumference: which being knowne, the other parts 
may be found our by the ſecond and third Prop. of lines, 

Thus if the Semidiamerer of the circle giuen be AB, the 
rightline E F ſhall be found to be the fourth part of the cir- 
cumference. Therefore thedouble of E F ſhall be equall co 
the circumference of x80 gr; and the halfe of E F (hal be the 
circumference of 45 gr. ayd fo inthe reſt. 


CHAP. IL 
Of the lines of Segments. 


pg -. e lines of ſegments which are here placed between the 
lines of fines and ſuperficies, and are numbred by 5, 6, >, 
$.9.10, do repreſent the diameter of a circle, ſo dinided into 
2 hundred parts, as that arighr line drawne through theſe 
parts, perpendicular to the diameter, ſhall cut the circle into 
ewo Jegments, 0: v. hich the greater ſegment ſhall haue thar 
proportion to the whole circle, as the parts cue hane to 100. 
The vſe of them may be 

5 t Ts 


Of the lines of Segments. 


x Todiutde 4 circle given into two ſegments, 
according to a proportion giuen. 


2 To findea proportion betweene a circle 


and ts ſegments giuen, 


Let the Sefor bc opencd in the points of an 100, to the 
diameter of che circle guen : ſo a parallell taken from the 
poinrs proportionall to the greater ſegment required, ſhall 
gre the depth ot that greater ſegment, 

Or it che ſegments be giuen,ler che Seffor be opened as be- 
fore; then takethe depth oi the greater ſegment,and carry 1t 
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parallell to the diameter: ſo the number of points wherein 
they ſtay, ſhall ſhew the proportion to 100. 

Asif the diamerer of the circle given were F L, the deptt: 
of the greater ſegment L O being 75, doth ſhew the propot- 
tion of the {cegment O ML MN toche circle to be as 75 to 
200. viz. three parts of foure. 

Hence I might ther, if there were any vie of it, 


To find the [ide of a ſquare,equall to any 
knowne ſegment of a circle. 


The fideof a ſquare equal! to the whole circle , may be 
found by the former Cap. and then hauing the proportion ot 
the ſegmenr to the circle, we may dimmiſh the ſquare in 
ſuch proportion,by that which hach been ſhewed Lb. 2, 
Cap.3.Prop.3. | 


| CHAP. 111. | 
Of the lines of Inſcribed bodies. 


Tz elines of inſcribed bodies are here placed berweene the 

lines of lines, and may be knowne by the letrers, D,S,7, 

C,0,T; of which D lignifieth the ſide-uf a dodecahedron, 7 

of an /coſabedron, C of a.cube, O of an oftahedron, and T of a 

tetrahedron, all inicribed into the fame ſphere, whoſe ſemi- 

diameter is here ſignified by che letter S. | 
The vſe of theſe lines may be, 


1 The ſemidiamcater of a ſphere being giuen $0 find 
the ſ:des of the fine regulay bodies, which 
may be inſcribed in the ſaia ſphere. 
2 The ſide of any of the fine regular bodies being giuen, 
to find the [emidiamtter of a ſphere that will 
circumſcribe the ſaid todie, | 


If theſphere be firlt gien,take hisſemidiameter,and to it 
S 2 open 
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open the Sefor in the points at $: if any of the other bodies 
be firſt gjuen, rake the fide of ir, and fit it ouer in his due 
poines : ſo the parallell taken from berweene the points of 
the other bodies, ſhall be the {ides of thoſe bodies, and may 
be inſcribed into che ſame ſphere. 


A 's 


[»' 's 


—_—_ & 


So if the ſemidiameter of the ſphere be A C,the ſide of the 
@odecabedron inſcribed ſhall be D E. 


CHAP. IIIL. 
Of the lines of Equated bodies. 


& i He lines of equated bodies arc here placed betweene the * 


Lines of /i2es and ſolids, noted with theſe lerters, D, I,C, 
S, 0,7, of wluch D ſtands for the fide of a dodecabedron, I for 
the {ide of an [coſabedron,C for the lide of a cnbe, S for the di- 
amecter of a ſþhere,Ofor the ſide of an oftahedrex,and T for the 
fide of a tetrabedr on, all equall one co the other , The vie of 
theſe lines may be 


1 The diameter of 8 ſphere bring giuen,to find the ſides 
of rhe fine reg ulxr boaies,equall to that ſphere. 
2 . The [ide of any of the fiue regular bodres being rinen, 
to find the a,ammeter of + ſphere,and the ſides of the 
other bodies, equall tothe firft boay giuen. 


Tf the ſphere be firſt gruen,take his diameter, and to it 0- 
pen the Seffor in the points at $: if any of che other bodies 
de firſt ginen, takerthe (ide of it, and fic 3r ouer in his due 
points: ſo the parallels raken from berweenthe points of the 
other bodics, [hall he the ſides of. thoſe bodies e£quall to the 
firſt body gen. 

Thus in the laſt diagram;if the diamecer of a ſphere giuen 
be BC, the ſide of the dodeenbedron equall to this ſphere, 
would be found to be FG. 


Of th: lines of Metals. 
CHAP. V. 
Of the Lines of Mettalls. 


"om of Metralls are here ioyned with thoſe before 
of equated bodies, and are nored with theſe charaers 
©. &. H. D. Y. 4; Þ of which © ftands for gold,F for quickſiluer, 
Þ for leade, D for {iluer, ? for copper, d tor iron,and Y for tin, 
The vſe of them is co giue a proportion betweene theſe ſe- 
uerall merralls, in their magnitude and weight, according to 
che expcriments of Afarmus Ghetaldns, in is booke called 
Promoetus Ar.himecaes. 


1 Inlike bodies of ſeucrall mettalls andequall 
weight, hauing the magnitude of the one, 
to finde the magnriude of the reſt. 


Take the magnitude giuen our of the lines of Sofids, and 
eo ir open the Sefo7 in che points belonging to the mertall 
giuen : ſo the parallells taken from berween the points ofthe 
other metralls, and meaſured in the lines of Solids, ſhall giue 
the magnitude of their bodies. 

Thus hauing cubes or ſpheres of equal] weight, but ſe- 
uerall mettalls, we ſhall finde thar if choſe of tin containe 
20000 D,the others of iron wil contain 9250,thoſe of copper 
$222, thoſe of filuer 7161, thoſe of icad 6435, ' thole full ct 
quickliluer 545 3, and thoſe of gold 3895. 


2 Inlikebodies of ſencralmeitalls and equall 
magnitude, haning the weight of one [8 


finge the werght ofthe reſs. 


This propoſition is the conuerſe of the former, the pre- 
portion not direct, but reciprocall, wherefore hauing two 
ike bodies, rake the giuen weight of the one our of the lines 
of Solids,and ty it open the Seftor in the points belonging to 
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the mettall of the other body : ſo the parallell taken from the 
points belonging to the body given, and meaſured in the 
fines of Sol:ds, ſhall giue the weight of che body required. 

As if a cube of gold weighed 38F.and it were required to 
know the weight of a cube of lead hauing equal magnitude, 
Firſt I take 38P. for the weight of the golden cube, our of 
the lines of Solids,& putit ouer in the points of H belonging 
to lead: ſo the paralleil taken from berweene the points of © 
ftanding for gold, and meaſured in the lines of Se/rds, doth 

me the weight of the leaden cube required to be 23 PO. 

Thus 1t a{phere of gold ſhall weigh rooo0, we ſhall finde 
thata ſphere of the fame diamerer full ot quickfijuer ſhall 
weigh 7143, aſphere of lead 6053, aſphere of liluer 5438, 
a ſphere of copper 4737, a ſphere ot iron 4210, and a ſphere 
of tin 3895. 


3 Abeajebeing ginen of one mettall, to make anothcy 
like untoit, of another mettall, and equal weight. 


Take out one of theſides of the bodie giuen, and pur it 
ouer in the points belonging ro his mecrall: ſo the parallel! 
taken from between the points belonging to the other met+ 
tall, ſhall give the like ſide, for the bodie required. Tf it be 
an irregular bodie, let the other like lides be found out 111 
the ſame manner, | 
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Let the bodie given be a ſphere of lead containing in 
magnitude 16 > eta diameter is F,to which I amro make 
2 ſphere of iron, of cquall waight : If I rake our the diamerer 
A, and purit ouer in thepointsof H belonging to lead, the 
paralle]! raken from betweene the points of 4 ſtanding for 
Iron, ſhall be B, thediameter of che iron ſphere required. 
Andthis compared with the other diameter, inthe lines of 
p Solids, 
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folids will be found to be 23 4.in magnirude, 


4 A body being 2iuen of one mettall, to make another 
hke wnto it of another mettall, accor- 
ding to a weight giuen. 


Firſt find the ſides of a like bodie of equall weight, then 
may we cither augment or diminiſh them according ro the 
proportion giuen by that which we ſhewed before in the ſe- 
cond and third Prop.of Solids. 

As if the bodie giuen were a ſphere of lead, whoſe diame- 
eer is A, andit were required to find the diameter of a ſphere 
of iron, which ſhall weigh three times as much as the ſphere 
of lead: T take A, and put it ouer inthe points of h, his pa- 
rallell taken from berweene the points of 2, ſhall giue me B 
for the diameter of an equall ſphere of iron: if this be aug- 
mented in ſuch proportion as 1 vnto 3, it giueth C for the 
diameter required, : 
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%CE CHAP. VI. 
Of the lines on the edges of the 
Og Seftor. 


H Auing ſhewed ſome vſe of the lines 
on the flac ſides of the Seftor, there 


3X remaine onely thoſe on the edges. And. 


here one halte ofche outward edge is di- 
uided into inches , and numbred accor- 
ding to thcir diſtance from the ends ot 
the Sefor. As in the Seor of fourteene 
inches long, where we find x and 13, it 
ſheweth thatdiuifion to be x inch from 


the nearerend, and 13 inches from the - 


farther end of the Seftor. 


% The other halte containerh a line of 


—_ 


leſſer za»gemtr, to which the gnomon is 
Radius, They are here continuedro 75 gr. 
And if there be need to produce them 
farcher, rake 45 out of the number of de- 
grees required, and double the remain- 
der: ſo the tangent and/ecant of this dou- 
ble remainder being added,ſhall make vp 
the tangent of the degrees required. 

As it AB being the Radius, and BC 


: the tangent line, it were required to find 
: * the tangent of 75 gr. If we take 45 gr. 


out of 75 gr. the remainer is 3ogr. and 
the double 60 gr. whoſe tangent is B D, 
and theſecant 1s AD: if Gen we adde 
ADto BD, itmaketh B C the tangent 
of 75 gr.which was required. In like fort 
che ſecant of 61 gr. added to the tangent 
of 61 gr.giueth the tangenr of 75 gr.30 m, 
and the fecant of 62 gr. added ro the tan- 
gent of 62 gr.giuerth thetangent of p36 gr. 

and 


— 
# 


The ſe of the leſſer Tangent. 
and ſo in the reſt, The vſe of this line may be 


To obſerue the altitude of the Sunne. 


Hold the Sefor ſo as the _—_— BC may be yerticall,and 
the gnomonB A parallell to the horizon ; then turne the 
nomon toward ho Sunne,ſfo that it may caſt a ſhadow vpon - 
. rangent,and the end of the ſhadow ſhal ſhew the altirude 
of the Sunne.So if the end of the gnomon at «LF, do giue 2 
ſhadow vnto #, it ſheweth that the altitude 1s 38 gr.2,it vnto 
D,then 60 gr. and ſo in the reſt, 
There is another vſe of this tavgent line, for the drawing 
of the houre lines vpon any ordinary plane , whereof I will 
fet downe theſe propolitions, 


1 Todrow the huure lines von au horizontell plane. 
2 Toaraw the hore lines pow a direct werticall plane. 


Firſt drawarightline AC for the horizon and the equa- 
tor, and crofle it at the point A about the middle of the line 
with ef B another right line,which may ſcrue for the meri- 
dian and the houre of 12; then take out 15 gr.out of the tan- 
| tn pricke them downe in the equator on both (ides - 

om 12: ſo the one point ſhall ſerue for the houre of 11, and - 
the other forthe hourc of 1. Againeztake our thetangent of . 
3ogr. and pricke it downe in the equator on both ſides from 
12:10 the one of theſe points ſhall ſcrue for the houre of 10, - 
and the other for the houre of 2. In like maner may you 
prick downe the tangent of 45 gr. for the houres of 9 and 3, 
and the tangent of 6o gr. for the houres of 8 and 4,. and the 
tangent of 75 gr. for the hourcs of 7 andg. | 

Or if any pleaſe to ſet downe the parts of an houre,he may 
allow 7 gr.3o #..for cucry halfc hourc,and 3 gr.q5 w.for cuc- 
Ty quarter. This done,you are to conſider the latitude of the 
place,and the qualitic of the plane: Forthe ſecant of the lati- - 
rude ſhal be the ſemidiameter in ayertical plane,& the ſerant - 
of the complement of the latitude in A ns plane. 

Fox 
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For example , about London the latitude is 5 gy. 30 ws! 
and let the plane be verticall, If you take AF the ſecant of 
$1 $7.30. out of the Sefor,and pricke it downe inthe me<- 
'ridian line from A vnto Y, the point Y ſhall be che center x 
and if you draw right lines from 7 vnto 11, and to, and the 
reſt of the houre points, they ſhall be the houre lines requi- 
red. | 
_ » Bn if the plane be horizontall, then you are to take oue 
"AH theſecant of 38 gr. 30 wv. for the ſemidiameter,andprick 
it downe in the meridian line from 4 vnto H: ſo the right 
lines drawne from the center H vnto the houre points, ſhall 
be che houre lines required; only the houre of 6 1s wanting, 
and that muſt alwayes be drawne parallel! to the equaror, 
' chrough the center V in a verticall, chroughthe center Hin 
an horizontall plane. 


3 To araw the hour lines on a polar plane. 
4 To draw the hoare lines on a meridian playe. 


In a polar plane the equator may be alſo the ſame wicth'the 
Horizontall line,and the houre points may be pricked on as 
before, bur the hourelines muſt be drawne parallell co the 
meridian. | * 

In a meridian plane, the equator will cutthe horizontall 
line with an angle equall co the complement of the latitude 
of the place; then may you make choiſe of the point A, and 
there crolle che cquator with a right line , which'may ſerue 
for the houre of/6: ſo the cangent of 15 gr. being pricked, 
downe in the equator on both ſides from 6, ſhal ſerne for the 
houres of five 5 and 7;andthe tangent of 30 gr.for the houres 
of $ and 4;zandrhe tangent of 45 gr.tor che houres of 3 and 9; 
and the tangent of 6o gr.for the | 4 row of 2 and 10; and the 

' rangent of 75 gr.forthe houres of Tand 11, And if Fou dravy * 
right lines through cheſe houre points, crofling the equa- 
_ at righs angles, they ſhall be the houre lines requi- 
red, 
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5 To draw the houre lines is awerticall de clining place. 


Firſt,draw AY che meridian,and AE the horizenrtal line, 
ctofiing one the other at right angles in the point A. 


2 Then 


The vſe of the leſſer Tangent. I4r 

2 Th-acake our AF, the ſecant of the latitude of the 
place, winch you may ſu>poſeto d251 gy. 30m. and prick if 
downe in the meridian line from A ynto Y, 

3 Becauſe tt is adeclining plane, and you may ſuppoſe ic 
to decline 40 gr. Eaſtward, you are to make an angle of the 
declination vpon the center £F, below the horizontall line, 
and tothe left hand of the meridian line, becauſe the decli- 
nation 1s Eaſtward, for otherwiſe it ſhould haue bin to the 
right hand, iF the declination had bin Weſtward. 

4 Take A H.che ſecant of the complement of the latitude 
onr ofthe Seftor,& pricke it downe in the line of declination 
from Avnto H, as you did before for the ſemidiameter in the 
hor:zonrall plane. 

5 Draw a line at full length through the point eLwhich 
mult be perpendicular varo A H, and cut the horizonrall 
line according to the angles of declination, and it will beas 
che equatorin the horizonrall plane. 

6 Take the houre points out of the Tangent line tn the 
Sedor, 1nd pricke them downe in this equator on borh tides 
from che houre of 12 at A. | 

7 Lay your ruler,& draw right lines through che center 7, 
& each of theſe houre points: fo haueyou all the houre lines 
of an horizonrall plane, onely the houre of 6 1s wanting, and 
that may be drawne through H perpendicular to H A. 

Laftly you are to oblerue and marke the interſections, 
which theſe houre lines do make with A E the horizoncall 
line ofthe plane: and then if you draw right l1aes. through 
the center F, and cach of theſe interfeions, they ſhal be the 
houre lines required. 


6 Topricke dorwne te houre points another way. 


Hauing drawne arighr tine for the equator as before, and 
made choice of che point A, forthe houre of x2 : you may at 
pleaſure cur of two equal lines A10,and A 2.Then vpon the 
diſtance berweene To and 2, make an equilaterall triangle, 
and you ſhall hane B forche center of your equator, and .the 
Et 3 hne 
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line A B ſhall give the diſtance from eAtog, and from A to 

. Thar done take out the diftance betweene 9 and 3, and 
this ſhall giue the diſtance from B ynto 8, and from 8 vnto 7, 
and from $ vnto 1: and apaine from B vnto 4, and from 4 
vnto5, andfromg vnto 11, So have you the houre points, 
andityon rake out the diſtance Br, B3,Bg, &c. You may 
Ende the points not onely for the halte houres, bur alſo for 
che quarters. 

Buc if it ſo fall out,that ſome of theſe houre poinrs fall ouc 
of your plane,you may helpe your ſelte by the larger tangent, 
both in the verricall, and horizonrall planes. 

For if at the houre points of 3 and 9, you draw occult lines 

araljell ro the meridian ; the diſtances D C, betweene the 
Sn line of 6, and the houre points of 3 and 9,will be equal 
to the ſemidiameter A V ina verticall,and AH in a horizon- 
tall planc, and if chey be dmidedin ſuch ſort as the line A C 
is daided, you ſhall haue the points of 4, and 5, and 7, and $, 
with their halfes and quarters. 

As in the horizontall plane, take out the ſemidiameter 
AH, and makeit a parallel! Radius by firting it ouer in the 
Fnes of go and 90: Then take xy gr. out of the larger tangent, 
and Jay them on the lines of fines,where they will reach trom 
rhe center vnto the fines of x5 gr. 32 9. therefore-take out 
the parallell ſince of 5 gr. 32 9. andit ſhall giue the diſtance 
from 6 vnto 5, and from 6 ynto 7,in your horizontall plane, 
That done take out 3ogr. out of the larger rangent, and lay 
them on the ſimes, from the center vnrto the fines of 35 gr, 
.16 9, and the parallell {ine of 35 g. 16 m. ſhall give you the 
diſtance from 6 vnto 4,andfrom 6 ynto 8,in your horizontall 
plane. The like may be done for the halfe houres and quar- 
rers. 

Soalſoin the verticall declining plane. If you firſt take ont 
theſecant of the declination of the plane, and prick it downe 
in the horzzontall line from A vnto E, and through E drary 
right lines parallell co the meridian, which will cut the for- 
merhoure lines of 3 andy, or one of them in the point C : 
then cake out the ſenudiamerer A V, and prick it downe in 


thoſe 
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thoſe parallells from C vnrto D, and draw right lines from A y 
ynto C,and from V vato D ;che line V D ſhall be the houre | 
of 6, andifyou dinide theſe lines A C and D C, in ſuch fort 
as youdiuided the like line D C in the horizoncaall plane, 
ou ſhall haue all the houre points required. | 
Or you may find the point D,in the houre of 6, wichour 
knowledge either of H or C, For hauing prickt downe A # _ 
in the meridian line, and 4 F in the horizontal! line, and ” 
drawne parallels tothe meridian through the points at F, v 
you may take the #4ngert of the latitude our of the Sefor,and 
fir it oucr in the {ines of go and 9o: o the parallell fine of 
che declination meaſured in the ſame eavgere line, ſhall chere 
ſhew the complement of the angle DVA, which the houre 
line of 6 maketh with che meridian; then hauing the point 
D, take out the ſemidiameterVA , and pricke it downe in 
thoſe parallels from D vnto GC : fo ſhall you haue the lines 
D Cand A Cto be diuided as before. 
The like mighr be ved for the houre lines ypon all o:her 
planes, Bur I muſt not write all that may be done by the Se- 
for. It may (uffice that I haue wrote ſomething of the vſe of 
each line,and thereby giuen the ingenuous Reader occalion 
eo thinke of more. | 


The conclulion to the Reader. 
| T well hnowne to many of yow,, that this Seftor was thas con- 
Ls the moſt part of this booke written in {1tin, WAH) Copies 
pran{cribed and diſper/ced more then ſixteene yeares ſince, I cm at 
the laſt contented to gine way that it come forth in Enoliſh. Net 
that { thinke it worthy either of my labour o; the publique view, bat 
partly to ſatisfy their importunity, who not underſtanding the [,4- 
tin, yet were at the charge to buy the inſtrument, and partly for my 
owne eaſe. For as it 11 painefull for others to tranſcribe my copie, -3 
ſo it is troubleſome for me to gine ſati:faition herein to all that de< | 
freit. If 1 finde this to gine youcontent, it ſhall incourage me to ds 
the like for my Crolilc-ſtatfc, and ſome other Inſtramerss. In the 
mane time beare with the Printers faults, and ſo 1 reſb. 


Greſham Coll, x. Maij. 1623, E.G. 
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THE THIRD BOOKE. 


Of the oe of the lines of Numbers, Sines and 
Tangents for the drawing of Houre-lines 
' on all ſorts of Planes. 


Here are ten ſcuerall ſorts of Planes, which take 

| cheir denomination fro thoſe great circles towhich 

they are parallels, and may ſufficiently for our vſe 

be repreſented in this one fundamentall Diagram 

deſcribed before in the vſe of the Seftor, and be knowne 

by their horizontall and perpendicular lines, of ſuch as 

know the latitude of the place, and the circles of the 
ſphere. : | | | 

: An horizontall plane parallell to thehorizon, here re- 
preſented by the ourward circle ES, 

2 A verticall plane parallell ro the prime verticall circle 
which palletch chrough the zenith and the points of Eaſt and 
Weſt in the horizon, andis right ro the horizon and the 
meridian; that is,maketh right angles with chem both. This 
isrepreſented by E Z W. 

A polar plane parallell to the circle of the houre of 6, 
which paſleth through the pole and the points of Eaſt and 
Weſt, being right co the Equino@tiall and the Meridian, 
bur inclining to the horizon, with an angle equallto the la- | 
ticude, This1s here repreſented by ZE P I. 

4 An <quinodtall plane parallell to the Equino&aall, 
which palleth chrough the points of Eaſt and Weſt, bein 
right to the Meridian, bur inclining to the Horizon, wich 
an angle equallto the complement of the latitude . This is 
here repreſented by E A W. | 

5 Averrticall plane inclining to the horizon, parallell to 
any great circle , ' which patſerh chrough;the poinrs of Eaſt 
and Welt, being right to the meridian, bur inclining to, the 
horizon, and yer not paſſing chrough rhe pole, nor parallell 

an ro 


The diflinion of P lanes, 
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ro the equinoGiall. Thus is here repreſented either by E 17, 
or ETWw,or E LW, | Ear Dd 
6 A meridian plane parallelF'*o the meridian,the circle 
of the houre of 12, which palleth throuph the zenith, the , 
olc,and rhe points of South and North, being right to the | 
ann the prune verticall. This is here retired by 
SZN. | | | | 


South and North, being right to the prime verticall, bur in- 


- 
— 
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elining to the horizon. This is here repreſented by S G XN. 
$ A verticall declining plane,parallell co any great circle, 
which paſleth through y zenith, being right tothe horizon, 
but inclining to the meridian. This 1s repreſented by BZD, 
A polar declining plane, parallell to any great circle, 
which paſſeth through he pole, being right to the equi- 
noQall, but inclining to the meridian. This is here repre- 
ſented by H P 9. 
ro A declining inclining plancyparallell to any great cir- * 
cle, which is right to none of the former circles, bur declt- 
ning from the prime verricall, and inclining borh to the ho- 
rizon and the meridian,and all the hourectrcles.; This may : 
be here © 2a cither by BA D, or BFD,orB KD, | 
or any ſuch great circle,” which patlerh-neicher through the !/ 
South and North,nor Eaſt and Weſt points,nor through the 
zenith nor the pole. PE. £ 
Each of theſe planes (except the horizontall)hath two fa- * 
ces whereon houre-lines may bedrawnez and ſo there are 19 
planes in all. The meridian plane hath ohe face to che Eaſt, 
and anotherto the Weſt: the other verticall planes haue one _ 
co the South,and another to the North, and the reſt one to 
che zenith, and another to thenadir: but what is ſaid of the: - 
ane,may bevnderſtood of the other. | 


To find the inclination of any Plane. 


For the diſtinguiſhing of theſe Planes we may finde whe- - 
th:r they be horizontall, orvyerticall, or inclining to the ho- 
rizon, and how much they incline,either by che vſuall incli+ 
natorie quadrant, or by fitting a thread and plummet vato 
the Seftor. | | 

For let the Sefor be opened to a right angle, the linesof 
Sines to an angle of. 92 27, the inward edges,of the Sefton 
90 gr. and let a thread and plummet;he hanged vpon 2 line. 
parallel] cothe edges of one of the legs, ſo that leg ſhall be 
yerrticall, and che other leg parallel] to che horizon, | 

It che plane ſeeme to be verticall (like the wall of an vp- 

m 2 r2ght 
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right building) you may trie it by holdiag the Sefor,ſo that 
the thread may fall vpon his plummet line. For then if the 
verticall edge of the Sefor ſhall lic cloſe to the plane, the 
plane is ere, and therefore ſaid to þe verticallz and it 
you diawaline by that edge of the SeFor, it ſhall be a ver- 
vicall line, | ed 

If the plane ſeeme to be leuell with the horizon,you may 


trie it by ſetting the horizontall leg of the Sector to the - 


plane, and holding the other leg vpright: for then if the 
rhread ſhal fall on his phammec line, which way ſocuer you 

curne the Sefor;'it 1s an horizontall plane. K 
If the one endof the plane be kigher then the other,and 
yet not verticall, 1t is an inclining plane, and you may find 
the inclination 1n this maner, 1 
| Firſt 
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Firft hold the verticall leg of the Seor vypright,and rurne 


che horizonrall lez about, yncill ic lie cloſe with rhe plane, 
and the thread fall on his plam?: line: ſo the line drawne by 
rhe edge of that horizoncall leg,ſhalf be an horizoncall line. 

Suppoſe the plane to be B G E D,and that B D were thus 
found to be the horizoncall line vpon the plane; then may 
you crolle the horizoncall line at right angles with a pers 
pendicular CF: that done, if you ſet one of the legs of the 
SeFor vpon the perpendicularline C F, and make the other 
leg with a thread and plummet to becorne vercicall, you ſhal 
haue the angle berwceene the verticall line and the perpen= 
dicular on the Plane,as before in the vſe of the SeFor, pag. 50, 
and the complement of this angle is the inclination of the 
plane to the horizon, 


To find the declination of a Plane. 


Thedeclination of a Plane is alwayes reckoned in the ho- 
rizon betweene the line of Eaſt and Weſt, and the horizon- 
tall line vpon the Plane. As in the fundamentall Diagram, 
the prime verricall line (which isthe line of Eaſt and Weſt) 
is E CW, if the horizontall line of the plane propoſed ſhal be 
BCD, the angle of declination 15 ECB, 

Bur bins Plane may decline diuers wayes, that we 
may the better diſtinguiſh them, we conſider three lines be- 
longing to euery Plane: the firlt is the horizontall line; the 
fecond the perpendicular lime, croſſing the horizontall at 
right angles; the third the axis of the plane, croſſing both 
the horizontall line, and his perpendicular,and che plane it 
{elfe ar right angles. 

The perpendicular line doth help to find the inclination 
of the plane as before, the horizontall ro finde the declina- 
rion, the axis togiue denomination vnto the plane. 

For example, in averticall plane here repreſented by 
E Z w.,' the horizontall line is E CW, the fame with the line 
of Eaſt and Weſt, and therefore no declination;the perpen- 


dicular croſſing it, CZ the ſame with the verricall kne, 
m 3 drawne. 
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drawne from the center tothe zenith , right vnto the hori- 
zon, and therefore no inclination, The axis of the plane is 
S CN, the ſame with the meridian line, drawne from the 
South to the North ,- and accordingly giues the denomina- 
tion to the plane, For the plane hauing two faces, and che 
axis two poles, Sand N; the pole $ falling directly into the 
South , doth cautc that face to which ir 1s next to be ca'led 
the South face z and the other pole at X, pointing inco the 
North, doth giue the denomination to the other tace , and 
n1ake it to be called the North face of this plane. 

In like maner 1n the declining inclining plane here re- 
preſenccd by B FD, the horizontall line 1s B CD, which 
crolſerh the prime verticall line E CW, and therefore it 1s 
called a declining plane, according to the angle of declina- 
tion ECB or W CD. The perpendicular to this horizon- 
call line is C F,where the point F fallech in che plane 2Z H 
perpendicular tothe plane propoſed, betweene the zenich 
andthe North part of the horizon, and therefore it is called 
a plane inclining to the Northward , according to the arke 
F 9, orthe _ FC ©. Theaxis of the plane is here re- 
preſented by the line C K,where the pole K 1s go gr.diſtanc 
from the plane, and ſo isas much aboue the horizon at H, 
andthe other pole as much below the horizon ar Q, as the 
plane at F is diſtant from the zenich :. and this pole K here 
falling berweene the meridian and the prime verticall circle 
into S Sourhweſt parr of the world, this ypper face of the 
plane is therefore called the Southwelt face, and the lower 
rhe Norchealt face of the plane. 

The declination from the prime verticall may be found 
by the needle in thev{uallinclinatorice Quadrant, or rather 
by comparing the horizonrall line drawne vpon the plane 
with the azimuth of the Sunne and the meridian line, in 
ſuch ſort as before we found the variation of che magnericall 
needle, For take any boord that hath one {ide ſtrait, and 
draw the line H O parallell ro thatfide, and the line Z 
perpendicuJar vnto it,and onthe center Z make a ſemicircle 


H M ©: this done, hold che þoord toy planejlo as H O may 
| | be 
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be paralle] to B D che horizontall line on the plane and the 
boord parallz1l to the horizon; then the Sunne ſhining vp- 
on ir, hold out a thread and plummer,fo as the thread being 
verticall, the ſhadow of the Sunne may fall on the center Z, 
and draw the line of ſhadow AZ repreſenting the common 
ſetion, which the azimuth of the Sunne makes with the 
plane of the horizon, and ler another take the altirude of the 
Sunne ac the ſame inſtant : ſo by reſoluing a triangle, asl. 
ſhewed before pag.65.you may find whar azimuth che Sun 
was in when he gaue ſhadowvpon A Z. . 

Suppoſe che azimuch to be (as before pag.64.)72 gr.5 2 
fromthe North ro the Weſtward, and therefore 17 gr. $8 w. 
from the Weſt,we may allow theſe 17 gr. 8 #7. from A vnto 
,and craw the line Z Y,and ſo we haue the true Weſt point 
of the prime verrticall. line: then allowing go gr. from / vn- 
to S, we haue the South point of the meridian line Z S, 
and the angle H Z V ſhall giue the declination of the plane 
from rhe verticall, and rhe angle O ZS the declination of the 
plane from the meridian. | 

Or we [may take out onely the angle A Z H, which the 

line of ſhadow makes with the horizontal line of the plane, 
and compare it with the angle A Z Y, which the line of ſha- 
dow makes with the prime verticall. And ſo here tf AZFY 
the Sunnes azimuth (hall be 17 gr. 8 #. paſt the Welt, and 
yet the line of ſhadow AZ 7 gr.12 m.ſhort of the plane, the 
declination of the plane ſhall be 24 gr.20-m. as may appeare 
by the fate of the plane and the circles. 

If the alticude of the Sunne be taken art ſuch time as the 
ſhadow of the thread fallech on B D'or H O, andthen a tri- 
angle reſolued, the declinar:on of the plane will be ſuch as 
che azimuth of the Sunne from the prime verticall, 

. If at fuch a time as the ſhadow falleth oa M Z, the decli- 
nation will be ſuch as the azimuch of rhe Sunne from the 
meridian. | | S] 
_.. fic be a faire Summers day, you may.firft inde what alt 
tude the Sunne will haue when he cometh to be due Eaft or 
Weſt,and then expect yl be come to that altirude;fo _-_ 
C 
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declination of the:plane ſhall be ſuch as the angle contained 
betweene the line H O and the linc of the ſhadow, 


Hauing diſtinguiſhed the Planes, the next care will be 
for the placing of the ſtyle and the drawing of the houre- 
lines. 

T he ſtyle will be as the axis of the world, ſometimes pa- 

rallell ro the plane,ſometimes perpendicular, ſometimes cur 
' the plane with oblique angles. 

The houre-lines will be either parallell one to the other, 
or meete in a center with equall angles , or meete with vn- 
equall angles. If the ſtyle be perpendicular co the plane,the 
angles at the center will be equal; and'this falls out onely 
in the South and North face of an equino@aall plane: if the 
ſtyle be parallell co the plane,the houre-lines wil be alſo pa- 
rallcll one to another; and this falls out in all polar planes; 
aS in che Eaſt and Weſt meridian planes parallel to the circle 
of the hourcof 12, in the vpper and lower dire& polars pa- 
rallell co the circles of the houre of.6, and in the vpper and 
lower declining polars which are parallell to any of {8 other 
houre circles. 

- But in the horizontall and all other planes, the ſtyle will 
cut the plane with an acute angle, and the houre lines will 
meet at the root of the hricand chere make vnequall angles, 


CHAD. I. 


Todraw the houre-lines in an equi- 


noftiall Plane. 


N equinoQiall plane is that which is parallell co y equi- 
noull circle here repreſented by ZBAW, wherein the 
ſpaces betweene the houre circles being equall, chere is no 
need of further precept, bur onely to draw a circle and to di- 
uide it into 24 <quall parts for the 24 houres, and ſubd 
uide cach houre into haluesand quarters, and then to ſer = 
the 
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KY | 
the ſtyle perpendicular to the plane in the cencer of the cir- 
cle. The help which theſe lines of proportion doe here af- 
foord vs, 1s oftely in the diuifion of the circle, which may 
be done readily by that which I ſhewed before,Pag.29. 

For example, ſuppoſe the ſemidiameter of the equino- 
Qtiall circle to be fix inches, and chat it were required to 
know the diſtance of the houre-points each from. other : 
here cach houre _ I F gr. diſtant from other ,"I extend 
the compaſſes from the ſine of 3o gr. vnro che fine of 7 gr. 
30 #9, the halfe of 15 gr. and I find the {ame extent to reach 
in the line of numbers from 6.00 ynto 1.56. 

Or in crolſe worke I extend them from che line of 3ogr. 
yvnto6.00 in the line of numbers, theſame extent will reach 
from the line of 7 gr. 30 m.vnto 1.56 in the line of numbers; 
which ſhewes that in a circle of fix inches ſemidiamerer; the 
n diſtance 


i 
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z3 diſtance of the houre-points each from other 
=] will be about x inch and 56 centeſmes or parts 
of 100,The like reaſon holds for the inſcribing 
of all other chords in the Prop.tollowing, 


CHAP. II. 


To draw the houre-lines in a dire&t 


polar plane. 


- polar plane 1s that which is parallell 
to the houre of 6, here repreſented by 
E PW, wherein the ityle will be parallel] to the 
plane, and the houre-lines parallel| one to the 
| other, and therefore may be beſt drawne by that 
which I. haue ſhewed in the vie of the Sefor, 
They may be alſo drawne by the helpe of theſe 
| lines of proportion, in this maner, 

Firſt draw a right line #/Z for the horizon 
and the equator, and crolle it at the point C, a- 
bout the middle of the line with C B another 
right line,which may ſerue for the meridian and 
| the houre of 12, and muſt.alſo be the ſubſtylar 
| line wherein the ſtyle ſhall ſtand. Then, to pro- 
portion the ſtyle ynto the plane, conlider the 
| length of the horizontall line, and what houre- 

lines you would haue to fall on your plane. 
| For the diſtance of any one houre-line from 


mo_ 


Mm 
_ 
I, 
nn 


| the meridian being knowne, we may finde both 


0 | the length of the ſRyle and che diſtance of the 
| reſt : becauſe 
; 8 SI As the tangent of the houre giuen, 
K E | is tothe diſtance from the meridian: 
So the tangent of 4527: 
| ” | co the height of the ſtyle. 
; Suppoſe 
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Suppoſe the length of thehorizontall line to be 12 in- 
ches, and that it were required to = on all the houre-lines 
e eucening. Here we haue 


from 7 in the morning vato int 
5 houresand6 inches on either ſide the meridian , VWhere- 
fore I allow 15 gr.for an houre,and extending the compalles 
the compatles trom the tangent of 75 gr. the meaſure of 5 
houres vnto the tangent of 45 gr. I ind the ſame extent to 
reach in the line of numbers trom 6.00 to about 1.61, This 
ſhewes both the heighr of the ſtyle, andthe diſtance of the 


houre-points of 9g & 3 fro the meridian co be x inchz61 parts.. 


To find the length of the Tangent betweene the 
ſubſtzlar and ihe houre. points, 


As the tangent of 45 gr. 
to the tangent of the houre: 
So the height of the ſtyle 
to the length of the tangent line betweene the ſub- 
Rylar and the houre-points, 
Thus hauing found the length of the tyle in our exam- 


ple ro be 1.61, 1t I exend the compatles from the tangent of . 


45 gr.vnto the tangent of 15 gr.the meaſure of the firſt houre 
from the ſubſtylar,] ſhall find the ſame exten ro reach in the 
line of numbers from 1.61 vnto 0.43 tor the length of the 

n 2 can- 
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tangent betweene the ſubſtylar and the houre-points of tx 
and 1.If I extend them from the tangent of 45 gr. vato the 
tangentof 75 gr. the meaſure of the fift houre,I ſhall finde 
them te reach iniche line of numbers 7 AnDoTans 
from 1.61 vnto 6.00 for the length of | S |&rylmpa 
the rangent from the ſubſtylar ro the |——ooI— 
houre-points of 7 and 5. For howſocucr | |. wp | 
it be the amediſtance in the line of tan-= |* 7 175 90 431 


| | 
: -C 10. 230 Oo 93 
gents from 45 vnto 75, as. trom 45 vnto | | 


i | | 
I5; yet becauſe 75 are more,and 5 lefle | 4 on = = 
then 45, the tangent lines that anſiwer dog = 71 
to them wil be accordingly more or letle "Br et olnfin| 


then the length of the ſtyle. | 

Againe,it I extend them from 4g gr. in the tangents vnto 
30gr.the meaſure of the ſecond houre, I ſhall fnde them to 
reach in the line of numbers from 1.61 vnto 0,93 for the 
houre of 10 and 2: if I. extend them from the tangent of 45 
gr.vato the tangent of 60 gr. for the fourth houre, I ſhal find 
them to reach in the line of numbers from 1.62 vnto 2.79, 
and ſuch is the length ofthe tangent line from the ſubſtylar 
vnto the houre of 8 and 4. And the like reaſon holdeth for 
the inſcribing of all ocherrangenrlines in the propoſitions 
followmg, 

But for ſuch tangents as fall ynder 45 gr. I may better yie 
crolle worke, and extend the compatTes from the tangent of 
45 £r.vnto 1.61 jn the line of numbers, ſothall I inde the 
ſame extent toreach from 30gr.in the tangents, to 93 parts 
inthe linc of numbers, for the diſtance of the ſecond houre, 
andfrom 15 gr. inthe tangents-to 43 parts for the diſtance 
of the firſt houre trom che meridian, 

Or it this extent from 45 gr, backward to 1:61 be too large 
forthe compatles,I may cxcend forward from the rangenr of 
5 £7.43 2m4tO 1.61 parts in the linc of numbers, and the ſame 
excent ſhall reach trom 15 gr.in the rangents, to 43 parts in 
the line of numbers, for the diſtance of the firſt houre; and 


from 30gr.t0 93 parts, for the diſtance of the ſecond houre, 
2s betore. 


Hauing | 


- 

Pos: 4 NR Sage? Rag 
NT 4 Ii” 4 Vhg 
» . 


hn 


T1: deſ:ription of 4 meridian Plane, IC 


[ 


Hauing found the length of the tangenclines in inches 
and parts of inches., and prickedrhem in the cquator on 
both ſides of the meridian, from the center C; if wee draiw 
right lines through each of thoſe points, crofling the equa- 
cor at rightangles, they ſhall be che houreslines required; 
and if we fet a ſtyle oterthe meridian, fo as the edge of it 
be parallell cothe plane, and the height of it be as much a- 


boue the meridian as the diſtance be- 
tween the meridian and che houre-points 
of 3 or 9, itthall repreſent the axis of the 
world,and be cruly placed for the caſting 
of the ſhadow vpon the houre-lines in 2 
polar piane, 


CHAP. III. 


To draw the houre-lines in a 
meridian plane. 


AO. plane 1s that which 1s pa- 
rallell tothe meridian circle here re- 
preſented by SZ Nit bath two faces, one 
to the Ealt, and the other to the Welt; in 
each of them che ſtyle will be parallell ro 
the plane, and the houre-lines parallel] 
one tothe other, as1n a polar plane, rhe 
difference being onely in the placing of 
the equator & innumbring ot the hour.s 
For in theſe meridian planes hauing 
drawn an occult yerricall Ie CZ,and an 
occule horizontal] line C N, cro{iing one 
che other at right angles in the pomr C, 
the equator AC wil car the verticall with 
an angle ZCA, equall to the latirude of 
the place: then may we crotle the equa- 
ror at right angles with the line C B for 
the houre of 6, and from this ſer off che 
| oh 2 houre- 
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houre-points in the equator as in the former Prop. 

For ſuppoling the length of the ſtyle CB to be ten in- 
ches, the length of the tangent line belonging to the firſt 
houre wil be 2 ix.68 p. the length of the ſecond 5 in. 77p. as 
in the Table, Then the tangent of 15 gr. being prickr downe 
in the equator on both fidesfrom 6,ſhal ſeruefor the houres 
of 5 and 7,and the tangent of 3o gr.torthe houres of qand8, 
and ſo inthe reſt, This done,if we draw right lines through 
each of theſe points, croſſing the equatorarright angles,they 
ſhall be the houre-lines required : and if we ſeta ſtyle ouer 
the houre of 6, ſo as the edge of it may be parallell ro che 
planezand the height of it may be equall to the diſtance be- 
tweene the houresof6 and g in the equator, it ſhall repreſent 
the axis of the world, and be truly placed for the caſting of 
the ſhadow vpon the houre-lines in a meridian plane. 
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The deſcription of an horizontal Plane. rTo3 : 
aro O tho 
CHAP. III. ifs nb of oe 

An: lil 1g 
; ; , 10+ Fh Corteies Me 
To draw the houre-lines in an horizontall plane. of 53: Jogre#s 

- ; © 65 Mn mul 
N horizonrall plane is that which is 4G Vifhany « of 
parallel! co the horizon, here repre- hs b& ſafe ovens? 
fenced by the outward circle E SN, in | Ang. POAre. Pla Ono Srom tREA 
which the diameter $ N drawne from the | © Gr, GT! nm ottd an | 
South to the North, may go both for the — | 


meridian line and the meridian circle, Z |__ ——\—— 
for the zenith,P for the pole of the world, | 3 +5 2 59 
and the circles drawne through Þ for the _ 7 30; 5 52 
| : =. | $51 |} Tl 
houre-circles of 1.2. 3.4.&c.as they are nt- | 5 , yg 
i S233 #29 RR [2 O 


bred trom the meridian. Thete houre-cir- |_1'15 


cles conlidered with the meridian & the | [18 45 14 52 
horizon, do make diners triangles, PN 1, 32 3017 57 
PN 2,PN23;, in which we haue knowne 26 15121 G 4 777 
firlt therighr angle ar N,rhe North inter- | 2j30 0,24 20} 2.4: AS 
ſetion of the meridian and che horizon; * 33 45/27 36 
ſecondly the ſide PN,the arke of the me- 37 30j31 © 
ridian between the pole and the horizon, | 41 1534 28: E:; 27 
| which is alwayes equall to che laticude of | 345 0138 3: BS: 4-0 
the place ; thirdly the angles at the pole, wy” 3 ns, _ | 
[| made by the meridian and the houre- | = jb +5| 
circles,the angle P x being 15 gr.N P2 | [2s : = =o eJ mm 
3o gr. each houre 15 gr.more then other, +6 he - : 5+: | Be” 
each halte houre 7 gr.30m, each quarter Mkt heidi 42-5 | ? 
3:27.45 m. And cheſe three being known, | 03 45/37 47 
we may finde the arks of the horizon be- | 67 30,02 a: _ 
tween the meridian and the houre-cir- | /E 15/96 IH <fT | 0 
cles N 1,N 2, N 3,&c, For [575 _o7r_5| 71: 5 
: As the fine of go gr. 78 4575 45 
isto the line of the latitude: $2 3080 25 
| | So the tangent of the houre $6 15/85 13 
ro the tangent of the houre-line | 690 0190 0 : 


from the meridian, 
Extend. 
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Extend the compatiles from the fine of go gr.to the ine of 
the latitude, ſo the ſame extent ſhall reach from the cangent 
of the houre,to the tangent of the houre-line from the me- 
ridian.Thus the latitude being 51 gr.zo mw. extend the com- 
pales from the ſine of go gr.to the fine of 51 gr.zo »s. & find 
the ſameextent to reach from the tangent of 3 gr.45 #.vnto 
the tangent of 2 gr.56 mn, for the diſtance of the firit quarter 
from the meridian; and from the tangent of 7 gr. 30 myvnto 
che tangent of 5 gr.52 m,for the halfe houre ; and from the 
tangent of I11gr.I5m, to the tangent of $ pr, 51m. forthe 
third quarter;andtrom the tangent of 15 gr,o m.,vnto 11 gr, 
50 ms, torthe firſt houre: and ſo in the reſt, 

Only when I come to ſet one foote of the compalles to 


48 gr, 


IC YI Ba ] KP : 
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48 r <5 {cr iho finang of a quarrer palt 3,the ocher toote 
wall tj cut onhelinc, and then I] may either rake one 
much as 's our of the ſine beyond 45 gr. and tvrne it backs 
ito the line, and 1t will reach tron 45 gr.ro41gr,45 mm; or I 
may v{* crotie worke,xreriding the compatles from che line 
of 90 gr.t0 th e cangcnrc of 48 gr 45 10 che ſame EACEC wil 
reach trom.che {ine of 51 gy.30m, to the tangent of 41 gr. 
45 m. And ſuch 1s che c:itance of the line of 3 ho. trom the 
incridian,as in this table of the Arks of che plance 
Thisdone,. I come to the Plane, and there according as 
the lines da fall in the fundamentall diagrant, 
1 I drawarightline FN ſeruing tor the meridian , the 
0 houre 


4 
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houre of 12 and the ſubſtylar. 

2 In this meridian I make choice of a center at C, and 
there deſcribe an occult circle repreſenting the horizon, 

I find a chord of rx gr. 50, and inſcribe 1t into this 
circle on cither {ide of the meridian for the houres of 11 & 1; 
m like maner a chord of 24 gr.20 metorthe houres of 10 and 
2; andachord of 38 er.3 m.torthe houres of 9 and zz and ſo 
for the reſt of the houres,riewr halues and quarters, 

4 TI draw right lines through che center and the termes 
of theſe chords, and theſe lines lo drawne are the houre-lines 
required, 

Laſtly I ſet vp the ſtyle over the meridian,1o as it may cur 
the plane in the center, and there make an angle with the 
meridian equall co the Jatirude of the place, ſo it ſhall repre- 
ſent the axis of the world, and be truly placed tor caſting of 
the ſhadow vpon che houre-lines in an horizontall plane. 


CHAP. V. 


To draw the houre-lines in acverticall plane. 
A Verticallplane is that which 1s parallel to the prime yer- 
ticall circle here repreſented by E ZW. Ir hath two fa- 
ces,one to the North,the other to the South;in each of chem 
the ſubſtylar will be the ſame with the meridian line, and 
the angle of the ſtyle aboue the plane will be equall to Z P 
the complement of the latitude, | 
The triangles here conſidered are made by the vertical], 
the meridian,and the houre-circles, in which we know the 
ſideZP,the angles at the pole, and che right angle ar the ze- 
nith,and therctore may find the arks of the vercicall, between 
the meridian and the houre-circles after this maner: 
As the ine of go gr. 
15to the coſine of the latitude: 
So the tangent of the houre 


: the tangent of the hourc-line from the meri- 
lalls 


Extend 


UMI 


UMI 
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Extend the compalles from the ſine of go gr, to the line 
of the complement of the latitude, 1o the ſame extent ſhall 
reach from che tangent of the houre, to the tangent of the, 
houre-line from che meridian. Fo: 

Thus in the latirude of 51 gr.30 m.T extend the compatles 
from the fine of gogr.to the line of 38 gr.30 m9. and find the 
fame extent to reach from the tangenr of r5 gr. to the tan- 
gent of 9 £7.28 mz forthe diſtance ot the firit houre from the 
meridian: and trom the tangent of 75 gr.vnto the tangent of 


: 66 gr.42 mor the fitc houre : and !o 1n thereſt as in the Tas 


ble tollowing. 


VI 


orhr 


Theſe arks being knowne,T may come to the plane, and 


there by help of a thread and plummer draw a verticall line 
O 2 ſeruing 


RO ad 
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ſeruing both for the meridian and che houre of x2, and the 

ſubſtylarz then may I draw an occulr vercica!l circle, and 

therem inſcribe the chords of thoſe former arks, and draw 

the houre-lines, and ſer vp the ſtyle, as be- 

fore in the horizonrall plane. ; I Ang.Po Arc,Dla 
If ir be the South face ot the plane,the | © |or, MG, 


uy "paireonF Woes Ar 
center will be vpward, and the ſtyle muſt —TV E 


x* IT? A 2. .% af 4 K >. 7 REO Au; ,y 
point downward ; 1 the North tace,  < ———— 


the Ccncer mutt be in che lower parc of OS: WH Zl 
the meridian line, and the iryle-po;nt vÞ- [EIT 44 | £48 
ward 18 all ſuch PIACCS 45 Are tO the Nori !t- EX 337 45,4 1 G 
"8 : Fr 7 Wu . TY 26 ” 
ward of the equinoGiull linezas it may aps _I - FEBung Ant A 
O . 4 n WER -6 "17 $ ſp - 
peare by con{1dering how the lines do tall 10 45 11 55 (1: 30. 
in the fundamentall Diagram. | [22 301427, [5:56 
| (261517 46:28 
CHAP. VI. Ln 2194919 Y: 
b:-32 $3 309i a4 
x 29903 3912-40: 
wy - 7 231 ? 3 R 
To draw the houre-lines in a ver- te 2; 2204-42. 
, ide 111528 38> | 
; IE a, 0d 30 2.7 4+ 
110 Fi BA Ss - ; 
ticall mclining plane. 345 23154 $1:2- | 


zoncall line lying Eaſt and Weth, are 56 45/42 584 #3. 
in that rc{pect laid to beverricall; it they | RE \- -1 
t 5 J 4 60 0147 9 T4: 5 


be alſo vpright and paſſe through the ze- | F/ 
nith, they are aired verccals; it they m- 
cline to the pole-they are direct polars: if 


Hall, they are properly cal- 


to the equinoe 71 15/60 23 


' $175 05642 


63 45/51 35/50:33: 0 
67 30'56 20155: 27- 


led equinociuall planes, and are deſcribed 
before: if ro none cf theſe three points, | 
they are then called by the generall name | 
of inclining verticals, | 36 15,84 © 
Theſe may incline either ro the North | 
part of the horizon, or to the South; and 
each of them hath rwo faces, one to the 
zenith,the ocherto the nadir, in which we are firſt to cofider 
the heighr of the pole aboue che plane, by comparing the 
incli= 


mea 


78 4572 17 74: Q- 
82 3078 3 37:54 


9Jo 0/90. o.J0: Oo : 


b 


. | (4345/35 22'34 21 _” 
2 2 J A - P | [ ; $: - p 
A Lithoſe Planes that have cheir hori- | (52 30139 3\39:c0- 


- E 
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inclination of the plane to che horizon, with tie latirude of 
the place. 

As in our la:itude of g1 gr, 30 m.ifthe inclinacion of the 
plane E I tw ſhall be 13 gr.Norchward, chat is,1f 17 the ark 
of the meridian berween whe plane and che Norch part ofthe 
horizon ſhall be x3 2r, we may rake theſe 13 gr. ourof Þ 

51 gr.30m.the elenation of t the pole ahoue che horiz on,and 
he ere wil rzmat 1 _ :$ gr.30m.tor che eleuacio of che North 
pole aboue the vpper tace of the plane, and rheretore 38 gr. 
30 #0. f Ort hes height ofthe Sourh pole aboue the lower tace 
Of ti he pla aiie, 

Or it the inclination of the plane ſhall be found to be 62 
gr.tothe Souchward, we may number chem in the me rIGIan 
trom $ the Souchparrof the horizon varo L,and there draw 
che arke EL#Y repreſenting this planczſo the C ArKC of the me- 
ridian PL ſhall gue che height of "the Maar pole abone the 
vpper face oj this plane ro be 66 gr.30 1. and thercrore che 
height of the Sourh pole aboue he lower tace 0: the plane 
15 at fo 66 gr.30 m. 

In like maner uithe inclination of rhe . pl an2 £ ae ns be 
15 gr.Scathward, thar 15,1f SY thearke of the meridian be- 

ween the Sourh part of rhe eg ae che hs: , ihall be 
I5 g7. Thehe!, ghe ot tne Norch pole aboue tie vpP? 2r face of 
the plane,and c| 2 he1ghe of th: - Sig 1 pole aboue the lower 
face of tne Dian my w:ll be alſo fourd to be 65 Li 39 m. 

Bur 1t the plane hail tall berweene the zenith and the 
Norch pote, then will che Norch pole be cleuatcd avouc rhe 
lower tace,2nd the South pcl- aboue the VPWArd Hce of the 
plane, HAY = peare by {16 protection of che | {here 11 the 
tund2mentall Diagraz 

Fhen in 6 cn triangles ed] by t bh plat ne, the meridian, 
and the houre- cite: 'S, we haue tie fide wins {1 15 rrhe heiobt 
of the pole aboue che p/ ans - togetbog with che ang!cs ar che 
pole, and cheright angle ar the incer{ection of che.meridian 
with the plane,by which we may and the arxs of the plane 
berweene the meridian and the hourcscircles, atter chis m1a- 
ner: 


! 


j 
| 
11 


j: As 
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As the line of gogr. 


1s tothe line of the pole aboue the plane: 
Sothe tangent of the houre 
tro the tangent of the houre-line from the meridian, 


Thus in che former example, where PI the heighr of che 
pole aboue the plane was foundro be 38 gr.30 #..1t you ſhall 
extend the compalles from the ſine of go gr. to the line of 38 
gr.30 m. the ſame extenc wil reach trom the rangent of 15 gr. 
vnto the tangent of 9 gr. 28m. tor the diſtance of the firſt 
houre from the meridian, and from zogr.vnto 1agr. 46m, 
for the ſecond houre,and fo forward as 1n the direc vertical, 

And for the two laſt examples, you may extend che com- 
palles from the fine of go gr.ynro theline ot 66 gr.z3om: 1o 
che ſame exrentſhalreach inthe line of tangentstroiu 15 gr. 
vnto 13 gr.48 w. tor the frit houre, trom 75 gr vnto 73 gr. 
43 m.tor the fitt houre, trom 30gr.vnto 27 gr.54, for the 
ſecond houre, from 60 gr.vnto 57 gr. 48 mm. tor the fourth 
houre,and from 45 gr. vnto 42 gr.31 #9 tor the third houre 
from the meridian,” 

Thete arks being knowne, you may brit draw the hort- 
zontail line,and crofle it in che middle with a perpendicular 
that may ſerue both forthe meridian and the houre ot 12, 
and the ſubſtylar; then knowing which pole 1s elewatec. a- 
boue the plane , you may accordingly make choice of a fir 
point in the meridian forthe center of your houre-lines,and 
thence deſcribe an occult arke ofa circle, inſcribe the ci:ords 
of thoſe former arks,and draw the houre lines, and fer vp the 
ﬀyle,as I ſhewed betore 1n che horizonrall plane. 


CHAP. VII. 
Toedraw the houre-lines in an verticall 


declining Plane. 
A Ll vprighc planes whereon a man may draw a vertical! 


line, are 1n thisreſpe ſaid to be verticall; if they ſhall 
allo 
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alſo ſtand direly Eaft and Veſt, they are dire& verticals; if 
dire&ly North and South, they are properly called meridian 
planes,and are defcribed before: ifchey behold none of thele 
foure principall parts ofthe world, bur ſhall ſtand berween 
che prime verricall and che meridian, they are then called by 
the generall name of declining verticals, 

Theſe haue ewo faces, one to the South, the other to the 
Northward, which may be diſtinguiſhed in cheſe Northerne 
parts of the world after this maner. If the Sunne coming to 
the meridian {hall ſhine ypon the plane, ir is the South face; 
if not,it is the North face of that plane. Againe,if the Sunne 
ſhall ſhine vpon che plane at high noone, and yet longer in 
the eeddiac then 1n theafternoon,it 1s the Southealt face; 
if longer inthe afrernoone then in the forenoone, it is the 
Southweſt face of the plane. Buc how much the declination 
cometh to, is beſt found asbefore, | 

When the declination 1s found, there befoure things 
more to be conſidered before we can come to the drawing 
of the houre-lines, and all foure repreſented in the funda» 
mentall Diagram. 


1 The meridian of the plane and his inclination - 
to the meridian of the place. 


Let thearke EZ repreſent the prime vercicall, and 
B ZD a declining verticall, according to rhe angle of decli- 
nation E Z 8, the meridian of the-place is r:preſented by 
PZ S, croſſing the yercicall E Z W ar right augles ar the ze-.. 
nith inthe point Z; bur the proper-meridian of che plane 
wil be PR,which isa perpendicular ler downe trom the pole 
vnto the declining vercicall,and croſling it with right angles 
in the point R, ſo the angle R P Z ſhall ſhew- the inclina- 
tion of the two meridians,and may thus be found. 

In the triangle P RZ we know the angle ar R to be a 
right angle, and the angleatZ, for it is the complemenr of 
the declination,and the baſe PZ, for itis che complement of 
the latitude. And therefore | | 
As. 
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As the line of the latitude --- 
1s tothe {inc of g02re 
So the tangent of the declination 
ro the tangent of the inclination required, 


2 The heioht of the ſtyle aboue the plane. 


This is here repreſented by the perpendicular arke P R, 
and may be found by that which we haueknowne in the for- 

mer triangle PR Z,For | 
As 
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As the fine of go gr. 
to the coſine of the latitude: 
So the coline of the declination 
to the ſine of rhe height of the Kyle. 


Or if you pleaſe ro make vſe, of the angle of the inclina- 
cion of the two meridians, the proportion will hold, 
As the line of go gr. 
tothe coline of the inclination of meridians; 
So the cotangent of che latitude 
co the rangenr of the height of the ſtyle, 


: The diſtance of the ſubſtylar fromthe meridian. 


This 1s here repreſented by the arke Z R,and may be found 
by thar which we haue knowne 1n che tormer triangle PRZ. 
As the fine of gogr. 
co the line of the declination: 
So the cotangent of the latitude 
ro the rangent of the ſubitylar from the meridian. 


4 The diſtance of each houre-line ftom the ſubſtylar. 


The diſtances of the hourc-lines from the ſubſtylar , are 
here repreſented by thoſe arks of the declining verricall be- 
longing co the plane, which are intercepted betwcene the 
proper meridian of the plane and the houre-circles. 

To this purpole we haue diuers triangles made by the 
declining plane, together with his proper meridian and the 
houre-circles.In theſe we haue knowne, firſt the righr angle 
at the interſe&tion of the proper meridian with y planezthen 
che ſide which isthe height of the pole aboue the planezand 
thirdly the angles at the pole. For knowing the angle of 1n- 
clination betwcene the meridian of the plane and che mer1- 
dian of the place, which is alwayesthe houre of 12, we may 
finde the angle berweene the meridian of the plane and the 
houre of x, by allowing in 15 gr. and the angle betwcene 

p the 
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the meridian of the plane and che houre of 2,by allowing :: 
z3ogr. and ſo for the reſt, which being knowne,we may Rnd 
the arks of the plane from che {ubſtylar to the houre-circles, 
in this maner. 
As the fine of 9o gr. 
ro the fine of the height of the pole aboue the plane: 
So the tangent of the houre from the proper meridian, 
to the tangent of the houre-line from the ſubſylar, 


Thus in our latitude of gr gr.30 mx. if the declination of 
an vprighr plane fhall be tound to be 24 gr.zo m. trom the 
prime vertical, the one face open to the Southwelk, the 0- 
ther tothe Northeat, I may number theſe 24 gr.20 m. in 
the horizon of the fundamentall Diagram, from E vnto B, 
according to the ſituation of the plane, and there draw the 
yerticall BZ D, which ſhall repreſent the plane propoſed. 

Then taking the compatlesinto my hand, 

x I may extend them from the line of the larirude 5 1 or, 
30 m.vnto theſine of go gr.the fame extent will reach in rhe 
ine of rangents from 24 g7,20 m, the declination giuen, to 
2bour 3o gr. and ſuch is Z P R theangle of inclination be- 
tween the meridia of the place & the meridian of che plane; 
and therefore the meridian of the plane will here fall vpon 
the circle of the ſecond houre tro the meridian of the place, 
(as it may alfoappeare by opening the compaſlles to the nea- 
reſt extent, between the pole andrche plane)and rhere I place 
rhe letter R co make this rectangle triangle P RZ, 

2 I extendche compallesfrom the ſine of ge gr.vnto the 
fine of 38 gr.zom.the complement of the latitude, andthe 
ſame extent will reach trom the ſine of 65 gr.40 ms, the com- 
plement of the declination, vnto the fine of 34 gr.3 3 m. 

Or I may extend them from the ſine of go gr:vnro the line 
of 60 gr. the complement of the inclination of the meridi- 
ans,and the ſameextenc wil reach from the tangent of 38 gr, 
30m. the complement of the latitude, vnto the tangent of 
34.87-33 9. and ſuch is the arke PR, the height of the pole 
abouc the plane. . 


3.1: 
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3 I may extend the compaſſes ftom the ſine of go gr.vn- 
to the fine of 242r.20,w.the declination giuen,and the fame 
extent will reach from the tangent of 38 gr.30 m, the com- 
plementoof the latitude, vnto the tangent of 18 gr.$ 9, and 
ſuch is the arke Z R, the diſtance of the ſabſtylar from the 
meridian. 

4 That I may finde the diſtance of each houre-line from 
the ſubſtylar, I conſider the angle of inclination of the 
meridians RP Z,and there ſee how that P Z the meridian of 
the placeqwhich 15 the houre of 13,being 30gr.diſtance from 
PR the meridian of the plane, and that one tace of the plane 
being open to the Southweſt, andthe other to the North- 
caſt, this meridian of che plane falleth ro be the ſame with 
che houre of 2, (otherwiſe with the houre of 16:)therefore 
allowing 15 gr.tor an houre,the houre of 1, R PO will be 1s 
gr. and RP X the houre of 11, 45 gr. diſtant from PR the 

roper meridian of the plane:and fol gather che inclination 
of the reſt of the houre-circles toward this meridian , accor- 
ding to their anglesat the pole,as in this Table. 

Then taking my compallesin my hand, 
I extend them from thefine of 90 gr.vn- (TAvg.Po{Ar. Pla, 
co the (line of 34 gr.33 #.. the height of E Gr, M:|Gr. M | 
| 8 
9 


che pole aboue the plane,and finde them 50 o9go 0 
ro reach in the line of tangents from 15 75 06442 
gr.the inclination of the houre of n, to8 {55> 0/44 20 
gr.38 ».for thearke of 2,from the ſubſty- |, , 145 o29 33 
lar, and from 3o gr.vnto 18 gr.8 m.tor the |, 21.0 og $ 
houre of 12, agreeable to the third Prop. 1115 ol $ 38 


and from 45 gr.vnto 29gr.33 ws. forthe | ,[y1,,,4| (wbſty! 
houre of 21, and fo the reſt, which T | |. © > 3 
allo ſer dowrtt in a Table. | 41zo ors 8 

Theſe arks being thus found, wil ferue | 545 029 33] 
for the drawing ot che houre-lines, both | glgg 0144 30 
on the Southweſtfacc, andthe Northipalt | | ol64 42 
tace of the plane, | $8.90 off0 © 


For coming to the plane, het” | 
z Bythe help of achread and plummet I craw a yeiric2 1: 


pÞ Zz 
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line, ſerning both for the meridian of the place and the 
houre of 12. 2 
2 In this meridian line I make choice of a center at Czin the 
vpper part of the line,if it be the South face, as here we ſup- 
poſe it, that the ſtyle may haue roome to point downward; 
but in the lower part of the line,if it be the North face of the 
plane; for there the ſtyle muſt point vpward : and vpon this 
center I de{cribe an occult circle, repreſenting the declining 
verticall belonging to the plane. 

3 I find achordot 18 gr.$ #..the diſtance of the ſubſtylar 
from the meridian of the place, and inſcribe it inco this cir- 


oo a Ce 
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ele,trom the meridian vnto A toward the right hand, bes 
cauſe in this examvle the meridian of the plane falls a- 
mong rhe nonres after noone, (for ocherwife it muſt have 
been in{cribed roward the letr hand) and there I draw the 
Ine C A {cruing for the ſnb{tylar, 

According to the Tabl: of che arkes of rhe plane from 
the ſubttylar,l find a chord ot 8 gr.38 ms, and inſcribe ir inco 
enis circle, trom che {ubſtylar coward the meridian, for the 
houre of .In like maner a chord of 29gr.23 w.for the houre 
of I1, and achord of 44 gr.30m. for the houre of 10, and 
fo tor tne reſt of che hourcs, their halues and quar- 
LCrs, 

5 TI drawright lines through the center and the termes 
of theſe chords,and theſe lines ſo drawne are the houre-lines 
required, 

Laſtly, I fer vp che ſtyis ouer the ſubſtylar,ſo as it may cur 
cheplane in the center, and there make an angle with the 
inbitylar of 34 gr.33 m. according to the height of the pole 
aboue the plane ; 1o it ſhall repreſent the axis of the world, 
and be truly placed for cating of che ſhadow vpon the 
nourc-lines 1n this declining plane, 


ef ſecond example. 


After the like maner if in our latirude an vpright plane 
ſhall decline 85 gr.trom the prime verricall, che one face of it 
being open to the Northweſt, and the orher tO che South- 
caſt, we may in ſome ſort repreſent it by the verticall 2ZA,. 
2ndthen working as before. ES 

1 Theangle Z PT,the inclination of the two meridians 
will be found to be 86 gr.5 9. ſo that P T the meridian of 
this plane, will here fall berween the houre-circles of 6 and 7 - 
from the meridian. 

2. Thearke P T the height of the pole aboue the plane 
will be onely 3 gr.6 m7. 

3 Thearke ZT the diſtance of the ſubſylar from the : 


meridian 3$ gr, 23 9%, 
| Pp 3 4. The: 
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angles at the pole will be E Gr, M. Gr. M In. Par. Io, Par. 
alſo pneres, oy p95. 12/86 5138 2391 0879 21 
ring the meridian of the | 78 3515 3130 9226 $9 
| 
| 


= wich che reſt ofthe |,, 71 5|g9 618 4216 o2 
oure-circles, For the an- 


gle TPZ berweene PT |,\g\s6 5/4 36 9 25) 8 off 


Then hauing che height 
of the pole aboue the 
plane, and theſe angles at the pole ; the arkes of the plane, 
| berweene the ſubſtylar and the houre-circles, will be found 
as in the third columne. 

Theſcarks being found, will ſerue for the drawing of the 
houre-lines on either face of this plane. 

1 By the help of a thread and plummet I draw ZC a ver- 
ticall plane, ſeruing both for the meridian of the place and 
the houre of 12. 

2 Inthis meridian line I make choice of a center in the 
yppecr part of the line, if it had been the Southerne face of 
che plane, buthere in C the lower part ofthe line, becauſe 
we ſuppoſed it to be the Northweſt tace of the plane,and the 
ſtyle muſt point vpward; and ypon this center I deſcrive an 
occult circle repreſenting the declining vercicall belonging 
co this plane, 

3 I findeachord of 38 gr.23 m, the diſtance of the ſub- 
ſtylar 


the meridian of the plane, {—” IE TTTI_) 
PZ the meridian of the ns - : 43) 4 - 7 E 
place,and che houre of 12, ure 5 o 36|1 _ . = 
being 8697.5, long | Tauralotſl 5 | 6 
houre of rx; wit be78gr. | *,3 29/9 2 75) 8 3s 
35 mm. and the houre of 1x | 5; 2 9 5 5 18 3 6 

71 27. 5 m. diftant from ww = 3 33 : 13 6 ws. 
the meridian of the plane; 34 G od ed 7711 10 
& ſo thereſt ofthe houres, | * : 4 10118 5616 1 

as in the ſecond columne 8 nt - 2831 $227 A 
of this Table, KB 6 2540 $5199 6786 68 


bands ati. Dates a. x 


6 1 
* 
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<#ylar from the meridian of the piace, and inſcribe it into 
chis circle, from Z in the meridia, vnro T toward the left 
hand, acording as the proper meridian PT falls in the fun-: 
damenrall Diagram; and here I draw the line CT ſerving 
for the ſubitylar. 

4 Theſubftylar being drawne, Imay inſcribe the chords 
of rhe arks of the plane from che ſubſtylar , and draw the 
houre-lines, and ſer vp the ſtyle as in the former plane. 

Or the arks of the plane from the ſubſtylar- being found 
as before, we may draw the houre-lines vpon the plane 0- 
therwiſe then by chords. For hauing drawne che houre-lines 
251. the laſt figure,vpon paper or paiſt-boord, we ſhall _ 

the 


i209 The deſcription of a werticall decliniag Plane. 


che moſt parr of themgin this and ſuch like planes char have 
oreatcr dechnation, to tall ſo cloſe together, that they can 
hardly be diſcerncd: wheretore to draw them at large to che 
beſt aduantage of the plane,]I leaue our the center, and draw 
chem by tangents, as 1n the polar plane. 

x 1 conlider the length and bredth of the plane where- 
on I am to draw the houre-lines, which I ſuppole ro be a 
{quare,'vhoſe ſide 1s 36 inches,and find that the lictle ſquare 
ABDE wil contain both the ſubſtylar and all thoſe houre- 
lines which are required in the grear ſquare AZ C 9. 

2 | draw two parallell lines F N, 6G M, croſſing the ſub- 
Nylararright angles 1n che points F & Glo as they may beſt 
crolle all the houre-lines,and yet the one be diſtant from the 
other as far as the plane w1ll gme me leauezand I find by the 
{ Tght of che figure that if AB the ſide of the leller ſquare 
ſhall be 36 inches,the line © F will be about 115 inches,and 
the line C G about 100 inches, and therefore FG 15 inches. 
Againe, that the point F will fall about 6 inches below the 
vpper horizonrall fide A B, and about 12 inches from the 
next verticall ſide B D;for I need not here ſtand vpon parts, 

3 Becauſe theſe two parallell Jines are tangent lincs in 
reſped of circles drawne vpon the ſemidiaweters C F, CG, 
and ſuch tangents as belong to rhe arkes ot the plane, be- 
rweene the ſubſtylar and the houre-lines, the proportion 
will hold, 

Asthe tangent of 45 gr. 

to the tangent of the arke of the plane: 
So the length of the ſemidiameter 

to the length ofthetangent line, 

Asfor example, the arxe of the plane betweene the ſub- 
{tylar andthe houre of 1, is 15 gr.28 mn, in the former Table, 
the ſemidiameter C F 115 inches, and the ſemidiamerer C G 
100 inches: wherefore I extend the compalles trom the tan- 
gent of 45 gr.vnto the tangent of x5 gr.28 m9. the ſame ex- 
rent will reach from 115 in the line of numbers vnto 3 1,82, 
which ſhewes the length of the tangent line berweene F in 
the ſubſtylar andthe Ga of 1,to be 31 inches,82 cen?, 
Ox 
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or parts of 100. Azaine,the ſame extent will reach from 100 
vnto 27, 673and ſuch isthe length ot the leſſer tangenrtrom 
G to the houre of 1, 

The like reaſon holds for the length of the other tangents 
from che ſubſtylar to the reſt of che houres, as in the Table; 
as alſo for che height ot the ſtyle aboue theſe tangent lines; 
and ſo the angle of the ityle aboue the plane being 3 gr.6 m. 
the heighe FK will be tound to be 6 inches 23 cent, and 
che height GL 5 inches 42 cen. 

Where the Reader may obſerue, that if rhe extent from 
che tangent of 45 gr. to che tangenc of 3 gr.6m. orto lg in 
the line of numbers, be roo large tor his compatles, he may 
vie che tangent of 5 gr.43 #.1n ftead of the tangent of 45 gre 
25 I noted betore Pag.100. 

4 Having found cheſe lengrhs and heights,and ſer them 
downe in a Table, I come to the plane here reſembled by 
che leſſer ſquare AB D Z,wicere I begin with an occulc ver- 
ticall F A,abour 12 inches from the fide B D, and vpon the 
ccnter F, about 6 inches belozy che tide A B deſcribe an oc- 
culc arke of a circle. 

5s Intothis arke I firſt inſcribe a chord of 38 gr.23 #2. the 
diſtance of the ſubſtylar from the meridian,to make the an- 
gle HF GequallcotheZ© T; tothe line FG ſhall be che 
{ubſtylar:and chen anocher chord of 51 gr. 37 m.the comple- 
ment of chis dift1nce, ro make vp therighcangle G F V; fo 
the line F N (hall be the greater of cherwo tangent lines be- 
fore mentioned, 

6 TIfſeroff 15 inches from F yarto 6G, toward the center, 
ard through G draw theletler rangent line GA parallcl} co 
the former. 

75 Thele two occulr tangent lines being thusdrawne, I 
looke ynto the former Table for the houre of x, and chere 
finde the arke of the plane berweene the ſubſtylar and che 
houre ot 1,to be 15 gr.28 ms. andche length belonging to it 
in the greater tangent line to be 3 inches 82 ene, mn the 
letſer tangent hne 27 inches 67 cem: wheretore 1 take our 
31 inches 82 parts, and gricke them downe 3n the greater 
q tans 
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tangent from F to N,andthen 27 inches 67 parts,and prick 
them downe in the leffer tangent from G to 2, and draw 
the M7 N for the houre of 1, which if it were produced 
would crolile the ſubſtylar FG in the center C, and there 
make theangle FCN 15 gr.28m. The like reaſon holdeth 
for the drawing ofall the reſt of the houre-lines, 

Laſtly I ſet vp the ſtyle right ouer che ſubſtylar, fo as the 
height F K may be 6inches 23 cent.and the height GL 5 in- 
chcs 42 cent. then ſhall X L repreſent tne ax1s of the world, 
and if it were produced would crotle the ſubitylar FG in the 
center C, and there make the angle FCXK to be 3 gr.6 m. 
and ſo be truly placed for caſting of the ſhadow ypon che 
hourc-lines in this declining planc. 


CHAP. VIIL 


To draw the houre-lines in a meridian 
: mclining plane. 


U thoſe planes wherein the horizonrall line is the ſame 
with the meridian line, are therefore called meridian 
planes: if they be right ro the horizon, they are called by the 
enerall name of meridian phages without farcher addition, 
and aredeſcribed before : ii they leanerothe horizon, they 
are then called meridian incliners, 

Theſe may incline either ro the Eaſt part of the horizon, 
or tothe Weſt, and cach of them hath rwofaces, the vpper 
toward the zenith, the lower toward the Nadir , wherein 
knowing the latitude of the place,and the inclination of the 
plane to the horizon,we are to conſider 

3. The inclination of the meridian of the plane to the 

meridian of the place, 

2 The height ofthe pole abone the plane. 

The diſtance of the ſubſtylar from the meridian. . 

. Thediſtance of cach houre-line from the ſubſtylar. 

Andalltheſe foure are repreſented in the fandamentall 
Diagram, 


T6 Eo _ 


ina meridian inclinins Plane, 123 


Diagram, as in this example, 

In our latitude of 5197.30. a meridian plane inclineth 
Eaſtward 5ogr; theſe gogr, I number in the verticall circle 
from EvnroG, according to the inclination of the plane, 
and there draw the arke SG N repreſenting the plane pro- 
poſed, Then I ler downe a perpendicular arke P V from the 
pole to the plane, ſeruing tor che meridian of che plane, ſo 
hauelI a reQtangle triangle PYN, wherein the baſe Þ N is 
the height of the pole aboue the North part of the horizon, 
and the angle P NY the complement of the inclination to 
che horizon; and theſe being knowne, 

1 I may findeche angle NPY of inclination of the two 
meridians, For 

As the coſine of the latitude 
is tothe line of go gr, 

So the tangent of inclination to the horizon, ' 
rothe tangent of inclination of meridians. 


Extend the compaſles from the ſine of 3$ gr.z30m. the 
complement of the latitude, vnto the ſine of 90 gr. the ſame 
extent Will reach from thetangent of 5ogr.o ms, the inclinas 
tion of the plane to the horizon,vnte the tangent of 62 gr. 
25 m.and ſuch is the inclination of the meridian of the plane 
to the meridian of the placezwhich being reſolued into time, 
doth giueabour 4 houres and 1o ms. from the meridian, for 
the place of the ſubſtylar among the houre-lines, 

2 The height of the pole abouethe plane is here repre- 
ſenred by the quantitie of the arke of che proper meridian 
PV, berweene the pole and the plane, and may be knowne 
by that which we haue giuen 1n the former triangle P V N, 
For 

As the fine of 90 gr. 
to the line of the latitude: 
Sothe coline of the inclination to the horizon, 
to the fine of the height of the pole aboue the pjane. 


Extend the compalles from the ſine of go gre vato.51 gre 


30m. the inc of the latjtude,the ſame extent wil reach _ 
q 2 the 


# 


< the; 4ngcyt 
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che line of 4o gr. the complement of the 11clination of the 
plane to the horizon,vnro rhe fine of 30gr.12 m, 


Or as the (ine of go gr. 
to the coline ot inclination of meridians: 

So the tangent of the latirude (plane. 
to the tangent of the height of the pole aboue the 


Extend the compalles from the line of go gr.vnto the tan- 
gent of 51 gr.30m. the latitude of che place, the ſame ex- 
rent will reach trom the line of 27 gr. 35 m.che complement 
of the inclination of the two meridians, vnto the tangent of 
30gr.12#.Andiuchis PY the height ot thepole aboue rhe 
plane, and ſuch muſt be the height of che ſtyle aboue the 
ſubſtylar, 

3 Thediſtance of the ſubſtylar from the meridian 1s here 
repreſenced by NV the arke of the plane berweene che two 
meridians, and may be found by chat which we hane giuen 
at the frft in the former triangle P YN, For 

Asthe line of 90 2r. 
to the ſine of the inclination to the horizon: 
So the tangenr of the latirude 
to the tangent of the ſubſtylarfrom che meridian. 


Extend the compaſſesfrom the ſine of go gr. vnto the tan- 


gentof 51 gr.30 m.the latirude of the place, rhe ſame extent 
will reach fromthe ſine of 50 gy. the inclination of the plane 
to the horizon,vnto,43 gr.55 m, And ſuch isthe arke NY 
the diſtance of the ſub{tylarfrom the meridian. 

4 The diſtances of the houre-lines from the ſfubſtylar,are 
here alſo repreſented by thoſe arxes of the plane , which are 
here intercepted berweene the proper meridian and the 
houre-c:rcles, and may be found by that which we haue g1- 
uen in the triangles made by the plane, with his proper me- 
ridian and the houre-circles, For the angle ar F, betweene 
the plane and the proper meridian, is well knowne to be a 
right angle,and the fide PF is the height of the pole aboue 


the plane, and the angles at the pole berweene the proper. 


meridian and the houre-circles are eafily garhered into _ 
t | * 


ins meridian iriclining Plane. 125 


ble, Theangle/P N berweene IP the proper meridian of 
the plane,and P NV the gencrall meridian of the place being 
62 gr.25 m, the angle berween the proper meridian and the 
circle of the hour? of 11, will be 77 gr, 


25 #9. and the angle belonging to the 7= \ng.Fo.jArc,Pla. 
houre of r,47 gr. 25 #4,41d lo the ret of E x, M. Gr, M. 
che angles ac the pole, Then you 77 25/66 _ 
As the line of 99 gr. | 12/62 25143 55 
rothe line ot che pole abouey plane: 1147 25138 41 
Sothe ta'tgenr of the angle ar the pole, | 2/32 25/17 43 
co the tangent of the houre-line 3/17 25) 8 58 
from the luuſtylar. 4 2 25) I 13 
Wherefore I extend the compailes |Mer id Subfiyl, 
from theline of 99 gr. vato the fine of | $j3* *35; 6 20 
30gr.12 7. the height of the pole a» 7 3514+ 4+ 
boue the plane, and 1 finde the ſame | 7.42 35 24 45 
extent to reach in the Jine of tangents 


857 3538 25] 
from 77gr 25 m..vnto 65 gr. 4 m. forthe | 9.7% 35.58 3! 
diſtance belonging to the houre of 11; [10:87 35185 12 
and from the tangent of 62 gr.25 m. to 

43 £7.55 tor the houre of 12.as whend found the diſtance 
ot che ſubſtylar from the meridian, And ſo for che reit of che 

arks of plane berweene the ſubſtylar and the houre-curcles, 

as in the Table, 

Theſe arks being chus found, wil ſerne co draw the houre- 
lineson either tide of this plane: but ſuppoling ir to be the 
vpper hae, 

1 I draw the horizontall line C N, {eruing for the me- 
ridian and houre of 12, 

2 ]nthislineT make choice of a cearer at C, aid thence 
deſcribe an occult arke of a circle repreſenting the piane 
propoſed. ; 

3 I finda chord of 43 gr.55 m. the diſtance of the fud- 
ftylar trom the meridian , and inſcribe it into this circle 
from N vnto A, according as I finde the proper meridian 
PF co fall in the fundamental diagram,and there I draw tie 
line CA. ſerutag for the ſubſtylar, 


q 3. 4. The: 
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4 The ſubſtylar being drawne, I may 1mſcribe che chords 
of : ® arkes of the plane from the ſubſtylar, and draw the 
houre-lines,and ſer vp the ſtyleas in the former planes. 


CHAP. IX. 


1o draw the houre-lines in 4 polar 


declining Plane. 


Ti of planes wherein a line may be drawne parallell to 
the axis of the world, are called polar planes, becauſe 
that 
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that line pointeth vnto the poles, and cheſe planes are always 

arallel] to ſome one of the houre-circles. If they be parallell 
to the houre of 6, they are called dire& polar planes;if to the 
houre of 12, they are called meridian planes; and both theſe 
are deſcribed before: if to any other of the houre-circles, 
they are then called by the name of polar declining planes, 
becauſe of their inclining to the pole, and declining from 
the yerticall, 

Theſe kind of planes may be knowne in thisſort: Firſt 
conſiderthe inclination of the plane to the horizon, which 
in theſe parts of the world mult alwayes be Norrhward, and 
more then the latitude of the place. Then find the declina- 
tion from the verticall. Theſe rwo being knowneztt the pro- 
portion hold, 

Asthe line of go gr. 
tothe coſine of the declination: 
So the tangent of the inclination 
tro the tangent of the jatitudes 
it is then a polar declining plane, ocherwiſe not, 

For example,in our latitude of 51 gr.30 #2. a plane is pro 
polcd declining fromthe verticall 65 gr.qo 1. and inclining 
Northward 71 gr.51m, the vpper face being open to the 
Southeaſt, and the lower to the Norchweſt « It þ-number - 
thoſe 65 gr.40m91.in the horizon of the fundamental diagram 
from E vnto 2, and draw the line H C 2, it {hall repreſent 
the horizontallline of che plane ;; then croſling it at righe 
angles with the plane B Z D drawne through the zenith, 1 
number71 gr.51m.tor the inclination from D vnrto R, and 
there draw the circle  R ©, this circle ſo drawne ſhall re- 
preſent the plane propoſed; and becauſe it alfo paſlerh 
through the pole, it.is therefore a polar plane. But jor iar- 
ther triall I extend the compatles trom the line of go gr.ro 
the ſine of 24 gr,20 #. the complement of the declination, 
and I find the ſame extent to reach from the tangent of 71 
gr.51m.the inclination propoſed, vnto the tangent oi FI 
gr.30m.which is the crue laticude of the place,and therefore 
7 S . 

:t 1 a polar plane, Hee). 
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Here then che ſtyle will be parallell ro the plane, and the 

hoac.-l'nes paral'c]] one to the other, as in the meridian 

and dire polar planes. But that we may know how to draw 

the hourc-l1ues, and where to place the ſtyle, we are to 
co1ilider 

'1 The arke of the plane betwerne the horizon 
and the houre.lines. 


In a weridian plane the arke betweene the horizon and 
the hourcl:nes,is alwayes equall co the laticude of the place 
11 2 aire&& polar it 1s an arke of gogr; iv theſe declining po- 
Jars it 1s greater then the latirude, and yet letle then go gr» 
and may be knowne in this maner. 


As theſine of 90 gy. 
eo the ccline ot the latitude: 

SO the line of the declination 
to the coline ot the arke betweene the horizon and 
the houre-lines, 


Extend the compalles from the {ine of go gr.vnto the ſine 
of 38 97.30 m, the complement of rhe laticude, the ſame ex- 
rent will rcach trom the {ine of 65 gr. qom. the declination 
propofedgvnto the fine of 34 gr.z4 5. whoſe complement 
55 97.26m thearkeotthe plane berweene the horizon and 
the fubRylar,to which all the houre-lines muſt be parallel]. 


2 Theinclination of the meridian of the plane 
to the meridian of the place. 


The ſubRylar in a dire@t polar plane is alwayes the ſame 
with che howre of 1 2: in a meridian plane it is the ſame with 
tke hourc=line ot 6: in theſe declining polars it muſt be pla- 
ced berweene 12 andG6, according to the inclination of rhe 
meridian of the plane to the mexidian ot the place, which is 
chus knowne, 

As the line of go gr, 
co theiine of the latitude: 


our” 
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So the tangent of the declination of the plane, 
to the tangent of the inclination of meridians. 


Extend the compatles from the ſine of 90 gr. to the ſine 
of 51 gr.30m.che latirnde of che place, the ſame extent will 
b reach from che tangent of 65 97.401. the declination propo- 
þ ſed, vnto the tangent of 60 gr. and ſuch is the angle of incli- 
nation betweene the meridian of the place and the proper 
meridian of the plane, which reſolued into time doth make 
foure houres; and fo the ſubſtylar mult here be placed vpon 
the houre of $ in the morning. 

This angle being knowne, the rett of the angles at the 
pole are eaſily gathered. For if the houre of 12 be 60 gr, di- 

; ſtant from the meridian of the plane, the houre of z will be 

75 gr. and the houre of 11, will be 45 gr. diſtant, and the 
| rcit of the houres, as in the Table tollowing. Then com- 
ming to the plane, 

1 I drawan occult horizontall line H 9 ,v herein I-make 
choice of a center X, and deſcribe an occult circle for the 
horizon of the plane, 
| 2 I finda chord of 55 gr.26 mand inſcribe it into this cir- 
cle,from 2 vnto B, according to the ſituation of the plane; 
ſo the line H B ſhall be the meridian of the plane: and there- 
fore the ſubſtylar and theline 4 C croſling it ar right angles, 
ſhall be the equator, | 

3 I conſider the length of the plane,and how many houres 
] am to draw vpon 1t, thar ſo ] may proportion the height 
| of the ſtyle z and I finde by the fundamencall diagram and 
| the former table, that it will containe all che houres from 
Sun riſing vntill 1 atternoone : and therefore the meridian 
of the plane falling on the houre of 8 in the morning, there 
| will be foure houres on the one (ide, and five on the other 
fide of the ſubſtiylar. Bur 1n all pslar planes the height of 
the ſtyle abone the ſubſtylar muſt be equall co the diſtance 
of the third houre tron: che ſubſtylar,or abour £ of the fourth 
houre;, or little more then ; of the fift houre, and chereupon 
I allow the height of this ftyle ro be equall ro C B, which 
you may ſuppoſe to be ten inches, 
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4 Becanſe the equator AC is a tangent line in reſpe& 
of the Radius BC,andthe parts thereof are ſuch as belong to 
the angles berweene the meridian of the plane and the 
hourelines, which angles are ſet downe in the table follow- _ 
ing, { may finde the length of cach ſeuerall tangeat in this | 
maner. | | 
As the tangent of 45 gy. | 

15 to the tangent of the houre: | 
So the parts of the Radius, 

to the partsof the tangent line. 


The angle ABC betweene the meridian of the-plane 
and the houre of 32, the meridian of the place js 60 gr. - 
the 


ina polar declinrug Plane, 


IZ 


52 30 
56 Ig 
60 O©O 


63 45 
67 30 
71 I5 


Di 4 
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In, Par, 
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the former table, and the Radius B C is 
ſuppoſed to be ten inches; whereupon 
I extend the compatſes from the tan- 
gent of 45 gy. vnto the tangent of 60 gr. 


the ſame extent will reach from 10 in 
the line of numbers,vnto 17. 32, which 
ſhewes the length of the tangent eAC 
betweene the ſubſtylar and the houre 
of 18,to be 17.32 cent, The like reaſon 
holds for the reft of the houres. 

5 Theſe lengths being thus found 
and ſet downe in the table, I take out 
17 inches 32 cent; and prick them in the 
equator from C vnto A forthe houre of 
12,and 37 inches 32 cent.and prick them 
downefor the houre of 1. And ſo the reſt 
of the houre-points, 

6 This done, it I draw right lines 
through each of theſe points, croſlin 
the equator at right angles,they ſhall be 
the houre-lines required : and if I ſet 
the ſtyle ouer the ſubſtylar, ſo as the 
edge of it may be parallell to the plane, 
and the height of 1t be ten inches equall 
to the formerRadius BC, it ſhall repre- 
ſent the axis of the world, and be truly 
placed for caſting of the ſhadow vpon 
the houre-lines in this declining polar 
plane, 


The deſcription of the houre-lines 
CHAP. X. 


To draw the houre-lines in « declining 
mnclining plane. 


F a plane ſhall decline from the prime verticall,and incline 
ro #6 horizon, and yet not lie cuen with the poles of the 
world, it is then called a declining inclining plane, 

Of theſe there are ſeuerall ſorts; for the inclinarion being 
Northward, the plane may fall between the horizon and the 
pole, asthe circle B 1 D in the tundamentall Diagram; or 
berweene the zenith and the pole, as B F D: or the inclina- 
tion may be Southward,and fo be repreſented by B K D, it 
may alſo fall either below the interſeQtion of the meridian 
and the cquator,or aboue it; and each of theſe have two ta- 


ces, the vpper toward the zenith , and the lower toward 


the nadirz wherein hauing the latitudeof the place with the 
declination and inclination of the plane , we are farrher ro 
conlider, 

x Thearkeof the meridian berweene the pole and the 

lane. 

2 - The inclination of the plane to the meridian. 

3 Thearke ofthe plane berweene the horizon and the 
meridian, 

4 The angle of inclination berweene both meridians. 

5 The height of the pole abou the plane. 

6 The diſtance of the ſubſtylar from che meridian. 

7 The diſtances of cach houre-line from the ſubſtylar. 

And alltheſe fcuen may be repreſented in the fundamen- 
tall diagram, as in this example, 

In ourlatitude of 51 gr.30 mm. a plane is propoſed, decli- 
ning trom the verticall 24 gr.20 ms, and inclining Northward 
36 7 the ypper face lying open to the Sourhweſt, the lower 
to the Northeaſt. If I number theſe 24 gr.20 w. in the hori- 


z0n from E to B,andthere draw the line BCD, ir ſhall repre- 
ſent 
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ſent the horizoncall line of the plane: then croſling it af 
righr angles with the plane HZ @ drawne through the ze 
nith, I number 36 gr. tor the inclination from 2 ynto 22> 
and there draw the circle BM D, crotling the meridian in 
the point « ; this circle fo drawne ſhall repreſent the plane 
propoſed; and becauſe it doth nor paile chrough he pole, is 
therfore no polar, bur an ordinary declining inchning plane, 

1 Thearke of the meridian of the place between the pole 
and the planets here repreſented by P 4, and may be found 
by reſoluing the triangle DNa, waerein the angle at VV 1s 
knowne to be aright angle, the angle at D is the angle of 
inclination, the ſide DN che complement of che declinatt- 
on,which being knowne, | 


As the fine of gogr. 
ro the coline ot declination: 

So the tangent of inclination ro the horizon, 
rothe tangent of the meridian berweene the horizons 
and the plane, 


Extend the compalles from the fine of go gr.vnto the line 
of 65 gr.qom. the complement of che declination, the ſame 
extent will reach from che rangenc of 36 gr. the inclination 
propoſed, ynto the t agent of 33 gr. 30 m. andſuch is the 
ark of the meridian N 4 between the horizon and rhe plane, 
Thisarxe Na bcing compared with the arke NN P, which 1s 
the eleuation of rhe pole aboue the horizon,and i here ſup- 
poſed to be 51 gr.3om. the difference N #4 comerh to 18 gr. 
and {uch is the arke of the meridian required berweene rhe 
pole and the plane. 

= The inclination of the plane to the meridian 1s here re- 
preſented by the angle Na D, and may be found by chat 
which we haue giuen in the former triangle D Na: For 


As the line of go gr, 

ro the fine oi rhe dectination from the verticall: 
So the (ine of inclination to the horizon, 

to the coline of the inclinauion ,o the meridian. 


Extend che compalles from the fine of go gr.vnto the line 
r 3 of 
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of 24 87.20 #. the declination of the plane, the ſame extent 
wall reach from the ſine of 36 gr. che inclination giuen,vnto 
the coline of 76 gr. And ſuch is Na D the angle of inclina- 
tion betweene the plane Da, and Ns the meridian of the 
place. Or 
As the fine of the arke of the meridian betweene the 
horizon and the plane, 
isto the line of go gr. 
So the cotangent ot the declination 
ro the tangent of the inclination to the meridian, 


Extend the compalles from the line of 33 gr.zom, the ark 
of the meridian berweene the horizon and the plane, vnto 
the line of go gr.the ſame extent will reach from the ran gent 
of 65 g7.40m9. the complement of the declination vnto the 
tangent of 76 gr. And ſuch isthe inclination of the plane to 
the meridian,che ſame as before, 

3 Thearke of the plane betweene the horizon and the 
meridian, 15 hererepreſented by D a, and may allo be found 
by that which we haue giuen in che former triangle D Na, 


As the fine of go gr. 

to the coſine of inclination to the horizon: 
$o the cotangent of the declination 

ro the tangent of the plane required, 


Extend the compalles from the ſine of go gr.vnto the line 
of 54 gr. the complement of the inclination of the plane to 
the horizon, the ſame extent willreach fromthe tangent of 
65 gr.40 m.the complement of the declination,vnto the tan- 
genr of 69 gr.54m. And ſuch 1sD a the arke of che plane, 
betweene the horizon and the meridian of the place, 

4 The inclination of meridians is here repreſented by 
the angle aPb. Forif I ler downe a perpendicular Pb from 
the pole vnto the plane, this perpendicular ſhall be the me- 
ridian of the plane;zand we ſhall haue another triangle a6 P, 
wherein the angle at$ isa right angle, becauſe of the per- 
pendicular,the angle art 4 isthe inclination of the plane to 
the meridian of the place, and the ſide P 4 is the arke of the 

meridian 


knowne, 


| pole and che plane 
| 1sto the (ine of go gr. 


plane to the meridian of the place. 


of 14 gr. the complement of the inclination 
place and the proper meridian of che plane, 


muſt here be placed neare the houre of x afte 


| Sth giuen in the triangle 4 þb P, For 


Astheline of gogr. 


pole and che plane: 


fine of 18 gr.the arxe P'a of the meridian of 


place,vnto the fine of 17 gr.26 ww, Or 
| As the ſine of go gr, 


into time,doth make about 59 minnres, and { 


tothe coline of inclination of meridians: 


in a declininginclining Plane. my 
meridian betweene the pole and the plane, which being 


As the coſine of the arke of the meridian berweene the 


| So the cotangent of theinclination to the meridian, 
to the _— of inclination of the meridian of the 


Extend the compaſſes from the (ine of p2gr. the comple- 
ment of the arke Pa, berweene the pole and the plane,vnto 
the line of go gr. the ſame extent wil reach from the tangent 


of the plane to 


the meridian, vnto the rangent of 14 gr, 41 mm. And ſuchis 
the angle @ Pb of inclination berweene the meridian of the 


which reſolued 
o the ſubſtylar 
rnoone, 


5 The height of the pole aboue the plane is here repre- 
ſented by Pb, the arke of the proper meridian between the 
ole and the plane, and may be tound by that which wee 


to the fine of the meridian of rhe place betweene the 


| So the fine ofthe inclination to the meridian, 
| to the fine of che height of the pole aboue the plane, 


Extend the compalles from the fine of go gr. vnto the 


the place from 


the poleto the plane,the {ame extent wil reach from the line 
of 94P the inclination of the plane to the meridian of the 
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So the tangent ofthe meridian of the place betweene 
the pole and the plane, 
to the tangent of the height of the pole aboue the 
plane. 


Extend the compaſles from che line of go gr.vnto the fine 
of 75 gr.19 mw. the complement of 4 P b the inclination of 
the cwo meridians, the (ame exrent will reach from the tan- 
gent of 18 gr.the arke Pa of the generall meridian between 
the pole and the plane,vnto the tangent of 17 gr.26 mm. And 
fuch 1s Pb the hezght of the pole aboue the plane; and ſuch 
mult be che height of the ſtyle aboue the ſubſtylar, 

6 This diſtance of the ſubſtylar trom che meridian of the 
place, is here repreſented by a# the arke of the plane be- 
rween the two meridians, and may be found by that which 
we had giuen at the farſt in the tormer triangle 4b P, For 


As the line of go gr. 
ro the {ine of the inclination ro the meridian: 
So the tangent of the meridian of the place betweene 
the pole andthe plane, 

ynto the tangent of the ſubſtylar from the meridian 

of the place. | 
| _ 
Extend the compalles from the line "3 nn 
of 90 gr, vnto the line of 14gr. the com- [|= —|— 
plement of 6aP, the inclination of the 7.59 41 
plane to the meridian, the ſame extent $74 41/47 35 
will reach from the tangent of 18 gr.the | 9159 47 27 9 
arke of the generall meridian betweene |12/44* #1 


the pole and the plane, vnto the tan- |* 719 47] 9.47 
12:14 41| 4 30 


ent of 4gr.3099. And ſuch is the arke 

Sf the a Leng the two meridi- Meria. \Swbſiy1) 
ans; and ſuch muſt be the diſtance from | jo 1950 6 
the houre of 12 to the ſubſtylar. « & Fours nar 
7 The diſtances of the houre-lines | 353? 19} 9 56 
from the ſubſtylar, are here alſo repre- | 4#5 T9110 32 
ſented by thole arks of the plane, which LIPS 3907 45 
are | $175_19 48 51 
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in a declining inclining Plane, 27 
are intercepted between the proper meridian and the houre- 
circles. For in theſe triangles the angle at 6 berweene the 

lane and the proper meridian 15a right angle,the ſide Pb is 
che height of the pole aboue the plane,and then the angles at 
rhe pole berween the proper meridian and che houre-arcles 
being gathered into a cable. 


As the {iWof go gr. 
ro the line ot the pole aboue the plane: 
So the cangentr ot the angle at the pole, 
cothe tangent of rhe houre-line trom the ſubſtylar, 


Extend the compatllestrom the tine of go gr,vnto the line 
of 17 gr.26 m.che hcight ot the pole aboue che plane, the 
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fame extent will reach from the tangent of 14gr.41 mr. the 
angle t the pole belonging to the houre of 12, vnto the 
rangent of 4 27.30 m.for the arke of the plane berweene the 
ſubttylar and che houre of 12; and fro the tangent of 29 gr. 
41 .ynto the tangent of 9 gr.41 for the houre of 11, and 
to for the reſt of the arks of the plane between rhe ſubſtylar 
2nd the houre-lines, as inthe former table. 

Theſe arkes being thus found, will ſerue for the drawing 
of the houre-lines on either ſide of the plane: but ſuppoſing 
it ro be the vpper (ide, I conſider how the lines doe fall in 
the fundamentcall diagram, and accordingly 

1 I draw an occult horizontall line DD, wherein I make 
choice of the center C, and thence draw an occulcr circle for 
the horizon of the plane. 

2 I finde a chord of 69gr.54 m. the arke of the plane be- 
tweene the horizon and the meridian, and inſcribe it inro 
this circle frons D vnto «, and there draw the line C 4 tor 
the houre of 12. 

3 I findea chord of 4gr.30 m.the arke of the plane be- 
tweene the two meridians, and inſcribe it into this circle 
from 4 vnto 4, and there draw the line C6 for the 1tub- 
ftylar. 

4 The ſubſtylar being drawne, I may inſcribe the chords. 
of the arkes of the plane ſrom the ſubſtylar, and draw the 
houre-lines,and ſet vp the ityle as in the former planes. 


eA ſecond example of a Plane falling betweene 
the pale and the 2enth, | 


In like maner ifin our latitude a plane be propoſed decl:- 
ning from the vertical] 24 gr.20 m.as before,bur inclining to 
the horizon 75 gr.qo m,Northward,the ypper face being opE 
to the Southweſt, the lower to the Northeaft,this planc ſhall 
be here repreſented by the circle BED,crofling the meridian 
in the point 4,berween the pole and the zenith,andthe pro- 
per meridian of this plane, by the per endicular arke P e. 

Then in thistriangle DNd kv .ving the fide DN the 
complc- 


—"® 
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complement of the declinaticn, with the anple of inclina- 
nation to the horizon at D, and the right angle atN , theſe 
former Canons will giue N# the arke of the meridian be- 
eween the horizon and the plane to be 74 gr.20 m; and ther- 
fore Pd the arke of the meridian betweere the pole andthe 
plane will be 22 gr. 5om.the angle DAMN of the inclination 
of the plane tothe meridian, will be fonnd to be 66 gr.29 mm, 
and Da the arke of the plane between the horizon and the 


meridian 83 gr.36 2». 


Againe, in the rriangle Ped knowing che fide Pdthe 
arke of the meridian betweene the pole and the plane, with 


the angle of inclination to the meridian at d, and the right anzle 


at e,theangle dPeotthe inclination of the two meridians 


will be found to be 25 gr.17 #9, and Pe 
the height of che pole aboue the plane 
ro be 20 gr.50 mm, and d e the diſtance 
of the ſubſtylar from the meridian a- 
bout 9 gr.32 m2. 

Laftly,hauing found che heighr of che 
pole aboue the plane, and gathered the 
angles at the pole, che arks of the plane 
from che ſubſtylar co the houre-lines 
w1ll be as 1n this table. 

This dene, it we conſider how the 
lines doe fall in the fundamentall dia- 
gram, we may there ſee how the North 
pole is eleuated aboue the lower face, 
& the South pole aboue the vpper tace 
of the plane, and accordingly make 
choice of a center,draw the horizontall, 
y meridian, the ſubſtylar,& the houre- 
lines, and ſet vp the ſtyle as in the other 
planes. 


A third example of a Planc inclining 
to the Sonthward. 


It in our latitude a plane were pro- 
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poſed declining from the verticall 24 gr. 20 9.45 before, but 
inclining tothe horizon 14 gr.20 g.Sourhward, the vpper 
face being open to the Norcheaſt, the lower to the Sourh- 
weſt, this planc ſhall be here repreſented by the circle BK D 
croliing the meridian in the point f betweene the equator 
and the horizon, and the proper meridian of this plane by 
the perpendiculararke Pg let downe from the pole to the 
plane,ncare the houre of 11, at the North part of the hori- 
Zon, as may partly appeare by the neareſt extent of the cow- 
alles, 
n Then in the triangle BS f, knowing the ſide BS the cople- 
ment of the declination, with the angle of inclination to the 
horizon at B,and the right angle at S,we may find Sf the ark 
of the.meridian betweene the horizon and rhe plane to be 
13 gr .6 mm. And therefore P f the arke of the meridian be- 
tweene the pole and:the plane to the 


1 


Declinatio|!24 20 


Southward 1 15 gr.24 #4. but 64 gr. 36 m. Y 
to the Northward , the angle BfS or |{*</matio(14 20 
DfN of che inclination of theplane to af, merid 13 27 


I2 8 


the meridian,will be found 84 gr. 9 mz & aſt, ſubſty , 
4 © 


Bf or Df the arke of the plane between Alt, Styt. 
the horizon & the meridian 66 gr,.209mm, | 
Again, in the triangle Pg f knowing | 
the fide Pf 8he arke of the meridian be-= |22 MDT M. 
tweene the pole andthe plane, with rhe 6/76 33,75 6 
angle of inclinatio to the meridian at f, | 7161 33158 56 
and the right angle at g,the anglefPg of 8:46 33143 30 
the inclination of the two meridians wil | 9131. 33|28 55 
be foundto be 13 gr.27 m. and Pg the (19116 3314 ;8 
height of the pole aboue the plane, a- [11] 1.33] 1 25 
bout 64 gr, and fg the diftance of the Merid)Subftyl 
ſubſtylar from themeridian 12 gr. $m, 12/13 27113 $ 
Hauing found the height of the pole 1:28 27/25 $7 
abouc theplane, andgarthercd the an-= | 243 27149 23] 
glesat thepole, the arkes of the plane 3's8 27155 3s 
from the ſubflylar to the hourc-lines | 4173 27/71 41 
y/11l be found as1n this table, 5 8 27]88 15 
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This done, if we conſider how the lines do fall in the fund1e 
mentall diagram, we may there ſee how rhe North pole is ele- 
uated aboue the vpper face, and the South pole aboue che 
lower face of this plane,and accordingly make choice of the 
center,draw the horizoncall, the meridian ,the ſubRylar,and 
the houre-lines,and ſet vp the ſtyle as 1n the former planes, 


CHAP. XI. 
Todeſcribe the Tropiques and other circles of de- 


clination in an equinoFtiall Plane. 


Vech circles as are parallell to the equinoQuall,and yet fall 

within the tropiques, may be deſcribed on any plane by 
help of theſe lines of proportion, but after a different maner, 
according as the ſtyle ſhall be either perpendicular, or parallel 
to the plane, orcut the plane with oblique angles, 

In an cquinodtaall plane where the ſtyle 1s perpendicular 
to the plane, the rropiques and other circles of declination 
will be perte& circles: wherefore conſider the length of the 
ſtyle in inches and parts, and the declination ot the circle 
which you intend to deſcribe in degrees and minutes, the 
oroportion will hold, 

As che tangent of 45 gr, 
ro the length ot the ityle: 

So the cotangent of the parallel!, 
to the ſemidianierer ot [115 Circle, 


Suppoſe the length of the ſtyle aboue rhe plane to be 
Io inches, and that it were required to finde the ſemidiames 
ter of the tropique, whoſe declination 1s knowne to be 23 gr. 
30 7; extendthe compalles from che cangent of 45 27, VAtO 
the tangent of 66 gr,30 mn, the fame extent will reacii 1n the 
line of numbers from x0 vnto 23, which ſhewes the ſem 
diameter ofthe cropique to be 23 inches. So if the declina» 
tion be 20 gr. the ſemidiameter will be 27 inches 47.0e7?; if 
$4 iS 
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I5 gr. then 37.323 if 10 gr. then 56.71; it 5 gr, then 114,30; 
and ſoin the reſt. 
Or if it were required to proportion the ſtyle to the 
plane, 
As the tangent of 45 gre 
to the tangent of the declination: 
SO the {emidiameter of the plane, 
co the length of the ſtyle. 


As if the ſemidiameter of the greateſt parallell vpon the 
plane were but ſix inches, and . parallell ſhould be the 
fift degree of declination : extend the compalles from the 
tangent of 45 gr. vnto the tangent of 5 gr. the ſame extent 
will reagh in the line of numbers from 6.00 vato about an 3, 
which 
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whieh ſhewes that che length of che ſtyle muſt be 53 parts of 
an inch diuided into 100; then the length of the ſtyle being 
knowne, the ſeniudiameter of rhe other circles witl be found 
as before, 

I begin here with the fifr parallell, and thence proceed 
vato the tropique,becauſe the ſhadow of the reſt neare the 
equinottial, would be ouerlong,and the equinoRtiall ir ſelfe 
cannot be deſcribed . The parallels of North declination 
are tO be fer on the North face, and the parallels of South de- 
clination on the South tace of cheplane. Neicher need theſe 
parallels to be drawne in tull circles, but onely to the hort- 
zontall line,which ſhall be defcribed in Cap.xvijj. 

Hauing by theſe meanesſet vp the ſtyle to his true height, 
and drawne the circles of declination , if we ſhall place the 
plane ſo as 1t ſhall make an angle with the horizon equall to 
the coplement of the latirude,and then turne it vnril the top 
of the ſtyle caſt che ſhadow vpon the parallell of declination 
belonging roy time,the meridian of the plane will ſhew the 
meridian of the place, and the ſhadow of the ftyle che houre 
of the day,without the help of a magneticall needle, 


CHAP, XII. 
To deſcribe the Tropiques and other circles of de- 


clination in a polar plane. 


JN all polar planes, whether the be parallel co che meridian 
] or to the circle of the houre of 6, or otherwile declining , 
the equinoGtiall will be a right line, bur the tropiques and 
other circles of declination wil be fetions hyperbolicall, and 
be thus deſcribed. $7 5 

Confider the length of the ſtyle , the declination of the 
parallell, and the angle at the pole berweene the ſubſtylar 
and the houre-line, whercon you meane to deſcribe the pa- 
rallel].,. 
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If you would find where the parallels doe croiſe the 1b- 
ſtylar; | 
As the tangent of 45 gr. 
to the tangent of declination: 
So 1s the length of the ſtyle, 
ro the diſtance of the parallell from the equinottiall, 
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As in the example of the polar plane, where the length 
of the ſtyle B C was found to be 1 inch 61 cext. if you dc- 
fire to know the diftance betweene the equinoctiall and che 
rropique ypon the ſubſtylar line:extend che compaſles from 
the tangent of 45 gy. vnto the tangent of 23 gr. zo m. the 
ſame extent will reach in the line of numbers from 1.6 
vnto 0.70; and therefore the diſtance required 1s 70 parts 
of an inch diuided into 100, The like reaſon holdeth for 
all other parallels of declination croſling the ſubſylar. 

But if you would finde where the parallels doe crofle any 
other of the houre-lines, firſt find the diſtance betweene 
the axis of the ſtyle and the houre-line, then the diſtance 
berweene the equinoGiall and the parallell, both thele may 
be repreſented in this maner, | 

On the center B and any ſemidiameter B D deſcribe an 


occult arke of a circle, and thereingdeſcribe a chord of 23 gr. 
30 mm. 


and circles of declination. 


30m.fromD vnto T, with 
ſuch other intermediate de- 
clinations as you intend to 
: ! deſcribe on the plane, ſo che 
FI | kh line BD ſhall be the cqua- 
tor, and BT che tropique, 


of and the other intermediate 
} lines the lines of declina- 
| tion, 
F That done,conſider your 


| plane, which for example 
| may be either the meridian 
or y declining polar plane, 
wherein hauing drawne 
both the equator, and the 
houre-lines as before , firſt 
take out the height of the 
ſtyle, and prick To downe 
| in this equator from B ynto 
C; then take our all the di- 
ſtances, betweeneB che to 
of the ſtyle and the ſeuerall , 
points ——_ the houre- / / [ / | 
lines doe crofle the equator, 

transfer them into this equator B D from the center B, and 
at the termes of theſe diſtances' erect lines perpendicular to 
the equator,crolling the lines of declination,and note them 
with the number of the houre from whence they were ta- 
ken:{o theſe perpendiculars ſhal repreſent thoſe houre-lines, 
and che {euerall diſtances between the equator and the lines 
of declination,ſhal] gruethe like diſtances between the equa- 
ror and the parallels of declination vpon your plane . Vpon 
this groundic followeth, | 
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To find the diſtance between: the 4x18 
and the heure-lints. 


As the cofine ofche houre from the fabſtylar, 
is to the line of 90 gr. Ry 
$o the length of the ityle, 
to the diſtance between the axis and the houre-line, 
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As if in the former example of rhe meridian plane,where 
BC the height of the ſtyle is ſuppoſed to be 10 inches, it 
were required to find the diftance between B che top- of the 
fiyle and the point wherein the houre of 2x in the morning 
doth croſle the equator, which is here repreſented by Bg,be- 
_cauſeje isthe fe houre rom the ſubſtylar, whoſe angle « 


the 
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the pole is75 gr-Extend the compaſſesfrom theſineof r5 gre 
che complement of the fift houre from the ſubſtylar,ynco - 
the fine of go gr, the ſame extent wil reach from 10.00 in the 
line of numbers vnto 38.64; and thereforethe diſtance B 5 

between the axis and the houre-line,is 38 inches & 64 cent. 

and may be called the ſecant of the houre, Then in the re- 

angle B 5 T, hauing the (ide B 5,andthe angle of declina- 
tion at B. 


To finde the diſtance betweent the equinocFiall 
and the parallel. 


As the tangent of45 gr. 
to the tangent of the declination: 
So the diſtance berweene the axis and the houre-line, 
to the diſtance beriyeen the equinoGiall and the parallell. 


Extend the compaſles from the tangent of 45 gr.ynto the 
tangent of 23 gr.30 #. the declinati0 of the tropique,ſo'the 
ſame extent will reach in the line of numbers from 38.64,the 
diſtance between the axis and the fift houre-line vnrto 16.80z 
and therefore the diſtance 1s 16 inches and 80 cenz. The like 
reaſon holdeth for all thereſt, which may be garhered and 
ſet downe in ſuch a Table as this which followerh. 

Wherein I haue ſet downe theſe diſtances:for ſencrall de- 
clinations, for 11 gr.30 ms. for 16 gr.z5 m. for 20gr 121, for 
21gr.41 ws. and tor thedeclination of the Tropique 23 gr, 
30 w. which may be applied to the like declinations in all 
meridian and dire& polar planes. | 

As in the former example of the polar plane, where B C 
the height of the ſtyle is found to be x inch 61 cexx.it it were 
required to find the diſtance betweene B che top of the ſtyle 
and the points wherein the houre-lines of 7 in the mornin 
or 5 after noon,do crofle the equator (which diſtances,I cat- 
led the ſecants of tlioſe houres,) either you may extend the 
compatlles from the line of 15 gr. the complement of the 
houre from the ſubſtylar vnto the line of go gr. ſothe ſame 
on extent 
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extent wil reach in chelineofnu of numbers from 1.61 the length 
of the ſtyle, vnto 6. 21, according to the former Canon, 'Or 
elſc you may make vſe of the former Table, extending the 
compaſlesin the line of numbers trom 10. 00 the length of 
the ſtyle in the Table,vnro 2.61 che length of che ſtyle be- 
longing to your plane, ſo che ſame ext-nc ſhall reach from 
from 38.64 the ſecanr in the Table, vr 6.21, and ſuch is 
your fecant required, the witance berwecne the top of the 


ſtyle 
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ſtyle andthe point of interſeion, wherein the fift houre” 
line from the ſubſtylar doch crolle the equator. | 

Again,the ſame extent will reach from 16.80 the diſtance 
in the Table belonging to the fifr houre-line betweene the 
equator and the parallel]! of 23 g7-30 m.declination,vnro 2.70 
for the like diſtance vpon your plane ; and ſo for the reſt, 
which may be gathered and ſer downe in a Table. 

That done, and the equa- 


tor drawne as before, if you T Ao, Poſ [avg Pecuar] Irop. 
would draw the tropiques in S jGr.M|Io, P.|In, P.]in P 
the polar plane, "94 i into |, || 6 05 or © 2 70 
the Table, and take 70 cent. |, x15 oo 43/1 63Þ 72 
out of the line nc and 10 2.30 os 9311 85]o $0 
pricke them downe in the 9 345 os 824 270 99 
ſubſtylar on either ſide oftho | $g 4/60 ols 7913 22/1 4c 
equator, and fo 72 Cent, ON 7 5i75 o'6 0046 212 70 


the firſt houre,and 8 on the 
ſecond hourezand 2 inches 750 cent.on the fift houre from the 
4ubitylar, andthe reſt of theſe diſtances on cheir (cuerall 
houre-lines, and then draw acrooked line through all theſe 
points, foasjt makes no angles, the line {odrawne ſhall 
be che Tropique required. In like maner you may draw any 
other parallel! of declination. 


CHAP. XIIL 
To deſcribe the Trop1ques and other circles of 


declination in ſuch a Plane as is neither 
equinoCtall nor polar. 


”- Planes neither equinoQiall nor polar, the equator will 
be arizhc line, the cropiques and other parallels of decli- 
. Nation will be conicall {e&ions, ſoine of rhem parabolicall, 
ſome ellipticall, bur che moſt of them hyperbolicall. 

To finde the points of interſection of theſe parallels with 
the houre-lines, wee are to conlider, fr{t the length of the 
£3 ax1$ 
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axis of the ſtyle in inches and parcsot inches; ſecondly the 
height of the ſtyle aboue the planegthirdly the angles at the 
le betweene the proper meridian and the houre-circles, 
Theſe being knowne, will help vsto find, firſt the angle be- 
tweene the axis and the houre-lines on the plane wn then 
the diſtance between the center andthe parallels: both theſe 
may be repreſented in this maner, 


Let the triangle A B C be made equal to the ſtyle belonging 
ro your plane, A C the ſubſiylar,ZB C the axis of the ſtyle, AB 
che length of the Ryle perpendicular to the plane. Then ha- 
uing drawn the line BDperpedicular to the axis on the cerer 
B,& any ſemidiameter B D deſcribe an occult ark of a circle, 
and therein inſcribe a chord of 23 gr.30 w.iromDynto T,on 
eitherſide af the tine, with ſuch other intermediate declina- 

tions as you intend to deſcribe on the plane, ſo the po 

EDS icular 


end circles of declination. £7 6 
dicular B D ſhall be the equator, and BT the tropiques, and 
the other intermediate lines the parallels of declination, 
Wherefore you may take our the diſtance CV from the cen- 
rer to the equator, and pricke ir downe on the ſubſtylar of 
your plane from the center at C vnto Y,fo the line drawne 
through Y perpendicular to your {ub{tylar,ſhal be the equa- 
tor of your plane. 

T hat done,take the diſtance of each houre-line betweene 
the center and the equator of your plane, and pricke them 
downe in the equator of this igure,trom the center at C,no- 
ting the place,where they croile the equator, with the num- 
ber belonging to the houre , and drawing the houre-lines 
ſrom C through the lines of declina: ion. 

Or hauing the SeFor you may draw an occult line CZ 
perpendicular to the axis B C, and therein pricke downe the 
rangent of the height of che ſtyle aboue che plane, trom C 
vnto E.Then draw theline E F parallell co the axis, croſſing 
che ſubſtylar produced in the point F, this line ZF will be 
the line of fines vpon the Sefor, and cherein you may pricke 
downe the (ines of the complement of the angles at che pole 
from E coward F, anddraw the houre-lines by thoſe points 
through the lines of declination, ſo the angles ar C berween 
theaxis B C and thoſe houre-lines, ſhall be che angles be- 
tweene the axis of your ſtyle and the houre-lines on your 
plane, and the ſcuerall diftanges betweene the point C and 
the lines of declination, ſhall giue you. the like diftances be- 
tweene the center, and the parallels of declination vpon the 
hourc-lines in your plane, Vpon this ground it followeth, 


I. To propertion the flyle onto the plane. 


Conſider the height of the ſtyle abour the plane,and the: 
length of the ſubſtylar berweene che center and the place 
whichyou intend for the tropique, If it be the tropique 
which 3s fartheft from the center,adde 113 gr. 30m:if che nea- 
rer tropique,adde 66 gr, 30m.vnto the height of the ſtyle,tho 


remainder vato 180 gr.hall giue you the altitude ofthe Sun 
- abous. 
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aboue the plane when he commeth to that tropique, As in 

our latirude the height of the ſtyle aboue an horizontall 
plane is 51 gr. 30m, adde vnto this 113 gr. zo w. the ſumme 
1s 165 gr.which being taken out of 180 gr.the remainder wil 
be r5 gr.and ſuch is the alticude of the Sun aboue this plane 
whe he commeth to bein the Winter tropique: bur it you 
adde 66 gr. 30 m, vnto 51 gr.z0 m, the remainder to 180gr, 
will be 62 gr. And ſuch 1s the altitude of the Sunne in the 
Summer-Tropique. Then 

Asthe line ot 66 gr. 30 m, 

tothe ſine of rhe Sunnes altitude: 

So the length of the ſubſtylarline, - 

to the length of the axis of the ityle. 
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Asin the firſt example of the declining verticall , where 
the height of the ſtyle was found to be 34 gr.33 mw. and is 
here 9 betore pag.15o. by theangle BC'S adde 
to this height 113 gr.30 mw. fortheangle CBS, the ſum wil 
be 148 £r-3 w.andrhe remainderto 180 gr.wil be g1 gr.57 m. 
and ſuch is che angle B S C of the altirude of the Sun aboue 
the plane, when he cometh co be in the tropique of 5, which 
is here the fartheſt tropique from the center. 

Then ſuppoſing the length of the ſubſtylarline between 
the center and che place which 1s fit for the fartheſt rropique 
to be about 21 inches, extend the compaſſes from the line 
of 66 gr.39m, vnto the (ine of 31 gr. 57 m. theſame extent 
will reach in theline of numbers from 21 vnto r2.11,and ſo 
che length of the axis of the ſtyle ſhould be 12 inch.11 cext, 
Or it may ſuffice to make it 1uſt r2 inches, as a more cafie 

round for the reſt of the worke. | 

But if it were required to proportion the ſtyle vnto the 
planc,ſo as it may caft theſhadow to the ful legth of the ſub- 
fylar line ar all times of the yeare, you may then conſider 
the Sunne in the tropique, which is to be ſer neareſt vnto 
the center, and adde 66 gr. z0m.vnto 342r.33 m. fothe re- 
mainder vnto 180 gr.will be 7$gr.57 m. And it you extend 
the compailes from the ſine of 66 gr.30 mz, vnto the line of 
78 gr.57 m. the ſame extent will reach jn the line of numbers 
from 21 vato 22.47 forthe length of the axis of the ftyle. 


2 Haging the length of the axis,andthe height of the fiyle 
abone the plane, to find the length of the 


ſides of the ſtyle. 


The ftyle of a plane neither equinoQiall nor polar, may 
be either a ſmall rod of 1ron fer parallel! co the axis of the 
world, or perpendicular tothe plane, or elſe a thin plate of 
iron or braiſe made 1n forme ot a refangletriangle BAC, 
with the baſe BC parallell co che axis of rhe world, the (ide 
AB perpendicular to the plane,& the fide AC the ſame with 
the ſubſtylarline,wherein knowing 8C,and the angle BA G 

| V s 
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As the line of go gr. 
ro the length of the axis: 
So the line of the height of the ſtyle, 
to the length of the perpendicular {lide: 
And ſo the coline of the height of the ſtyle, 
tothe length of the ſubſtylar fide. 


Thus in the former example, the length of the axis being 
ſuppoſed to be 12 inches, and the height of the ſtyle 34 gr. 
33.91. Extend the compalles from the fine of 90 gr.(or clſe 
from the lime of 5 gr.45 #.)yato 12 in the line of numbers, 
the ſame extent will reach from the ſine of 34 gr.33 m. vnto 
6,80 in the line of numbers for che length of the perpendi- 
cular (ide, and from the line of 55 gr.27 mvnto 9.88 tor the 
length of the ſubſtylar fide. 


3 To find the diſtance between the center andthe equitor 
| wpen the ſubſtylar line. 


This is here repreſented by CY, and may be found by rc- 
'oluing the reRangle triangle C BY, 


As the coſine of the height of the ftyle, 
istothe line of go gr. 

So the length of the axis, 
to the dittance of thze equator trom the center, 


Extend the compalfes from the fine of 55 gr. 27 #.yuto 


the fine of 9o gr. the fame extent will reach in the line of 


numbers trom 12 vnto 14.57. Wherctore if you take 14 5»ch. 
57 cent.and pricking them down on your ſubſtylarline tro C 
vnto Y,drawa line through Y.,crofling the ſubſtylar at right 
angles, the line ſo drawne ſhall be the equator, 


4 To find the _— contained between the equator- 
and the honre-lines pon your plane. 


Theſe angles made by B Y and the houre-lines, are com- 


plengents 
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plements of thoſe which are at C,betweene BC the axis and 


thoſe ſeuerall houre-lines, and depend vpon the anglesat 
che pole,berween the proper meridian andthe houre-circles. 


As the ſinc of 90 gr. 
to thecoline ot theangle ar the pole: 
So the cotangentr of the height of the ſtyle, 
ro the tangent of the angle between the equator and 
the houreline. | 


In our example the height of the ſtyle i834 £7.33 18, and 
the proper mer:dian fajlech ro be the ſame with the circle of 
the ſecond houre atrer noone, whereupon theangle at rhe 
pole, betweene this proper meridian, and the circles of the 
houre of 1 on the onelide,and 3 on the other {1de,wil be 15 
gr; ſo between thismeridian and rhe houre-circlesof 12 and 


4,che angle will be 30 gr.&c. as in the Table. 


An,Po Arc, P!a.[Ar. Equ CWC vo 
Gr, M'\Gr, M. }Gr. M. To. P.In. P.To Þ: 


_ — ——__—_ 


oH 


ſuſty; 0 of © of55 27,14 $720 Cr 21 
I 3j15 0 8 38154 30.14 7421 3611 25 
12 430 018 8{51 3015 3323 4411 40 
IT 5/45 029 33/145 4516 75 29 0611 76 
10 6|60 0/44 3036 O20 cogo 8412 77 
9 7175 0164 4220 36.34 10 Infin. 15 82 
8 $190 090 Oo, © oiInfinit! 237 60 


If th en It be required ro find che angle, which the houre- 
linc of 4 after noone doth wake with the plane of the equa- 
cor, thar is theangle C 4 B contained berwceene the houre- 
line C 4 and the line B 4, drawne from the top of the ſtyle 
vatorhe intcrſectio ofthe hourc-line of 4 with the equacor, 

 Exrend the compattostrom the {ine of go gr.vnto the fine 

of 6o gr. the compleincn: cf the angle at the pole, the ſame 

extent wil reach from rhe tangent of 55 g7a27 m.the comple- 

ment of the'height ot the poleyvaco che ranger of 51 gr,z0m, 
V 2 an 
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and ſuch is the angle C 4 B in the diagram Pag.1go. 
Or in crolle-worke, if it were required to finde the angle 
C 9 B,looke into the Table for the houre of 9g, and there 
you ſhall find the angle at che pole to be 75 gr;and if you ex- 
tend the compailes trom the (ine of 9o gr. vnto the tangent 
of 55 gr.27 m. the ſameextent will reach' from the (ine of 15 
r.the complement of 75 gr.vnto the tangent of 20 gr.36 ms. 
and ſuch is the angle C 9 B,made at the equator berweene 
the line B 9 drawne from the top of the tyle,and the houre- 
line C 9 drawne from the center. The like reaſon holderh 
for the reſt, which may be found and ſer downe in a table: 
then may you cither draw theſe angles at C in the former fi- 
gure more perfteAly, and thence finiſh your worke, or elſe 
proceed 


5 To find the diſtance betweene the center and the paral- 
{els of declination. 


The diſtances betweene the center and the parallels of de- 
clination, may be found by reſoluing the triangles made by 
the axis BC,the lines of declination,and the houre-lines.For 
hauing the angles at the equator, and knowing the declina- 
tion of the parallel, if the parallell ſhall fall berweene the e- 
quator and the center, adde the declination ynto the angle 
at the equator; or if it ſhall fall without the equator, take the 
declination out of the angle at the equator,ſo ſhall you haue 
the angle at the parallell, Then 


As the fine of the angle ar tlie parallell, 
to the coline of the declination: 
So the length ot the axis of the ſtyle, 
ro the diſtance between the center and the parallel. 


Thus1n our example,the angle at the equator belonging 
to the houre of 4atter noone, was found before tobe 51 gr. 
30m: if you would find che diſtance between the center and 

. the equator,extend the compalles fro the fine of 51 gr.30m., 
VAto 
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ynto the ſine of 9ogr. the complement of the declinations 
the ſame extent will reach in the line of numbers, from 12 
vnto 15.33, and{uch 1s the diſtance vpon the houre-line 
of 4 between the center and the equator. 

If you would finde the diſtance vpon this houre-line, be- 
tween the center and the inner tropique, whoſe declination 
is knowneto be 23 gr.30m. addethe declination to the an- 
gle ar the equator, fo the angle at the parallell wil be 75 gr. 
wherefore extend the compatlles from the line of 75 gr. vnto 
the ſine of 66 gr.30 m. the complement of the declination, 
che ſame extent will reach in the line of numbers, trom i 2 
vnto 11.40, andſuch is the length of the houre-line of 4 
berweene the center and the tropique of WV. 

If you would finde the diſtance vpon this houre-line be- 
eiveen this center and the tropique of S, which is here the 
farcheſt from the center,take the declination our of the angle 
at the equator, ſo theangleat the parallel! will be 28 gr. 
wherefore extend the compalles from the fine of 28 gr, vnto. 
the {ine of 66 gr.30 , the ſame extent will reach in che line 
of numbers, from 12 vnto 23.44,and ſuch is the diftance be- 
tweene the center and the tropzque of 5 vpon this houre- 
lineof 4. The like reaſon hoJderh for all.che reſt, which may: 
be gathered and ſer downe in a table. 

Thar done and che equaror drawne as before,it you would 
draw the tropique of 5, looke into the table, and there fin- 
ding vnder the citle C & the diftance of the ſubitylar be-. 
eween the center and the parallel of & to be 20 inch,80 cent. 
take 20 inch. $0 cent.out of the line of inches,and prick them 
downe in the fubftylar of your plane from C vnto 5. 

Or if either the center tall without your plane,or the ex- 
tent be too large for your compalles, you may pricke downe 
the difference betweene Cy and C S. As here the diſtance 
CV between the center & the equator 18 14.57, the diſtance 
C & 20.80,the differEce 6,2 3,thertore taking 6.1nch,23 cente. 
prickethem downe on the ſubftylar from Y'vnro Þ,andyou 
ſhall haue the ſame interſection of the tropique andthe ſub-. 
{tylarzas before;&.the like reaſon holdeth tor pricking _ 

Vv. 3 of. 
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of the reſt of thcſe diſtances on their ſeuerall houre-lines. 
Then hauing the points of interſeftion berweene the 
houre-lines and the parallell, you may ioynethem all m a 
crooked line without making of any angles, the line ſo 
drawne ſhall be the tropique required. And after this maner 
may you draw any other parallell of declination , whereof 
you haue cxaiplcs in the moſt of the former Diagrams, 


CHAP. XTTET, 


1o deſcribe the parallels of the Signes in any 
of the former Planes. 


| then equator and the tropiques before deſcribed, do ſhe: 
the Suns entrance into q of the S1gnes,the cquator into 
Y and=, the one tropique into S,and the ocher into ys, the 
relt of the intermediate Signes willhe deſcribed in the lame 
maner as the tropiques, if firſt we know their declination. 

The maner of finding the declination not onely of the 
beginning of the Signes, bur of all other points of the eclip- 
tique,is before ſet downe in 2.Prop. Aſtronemicall,pag.52. by 
which you may finde the declination of the beginning of &, 
m,,andx to be1lgr,zo mand of ,Q,Fand 3X to be 20gr. 
12. It then you inſcribe the chords of 11 gr.z0 m, and of 
20 gr.12 m.1nto the former figure B DT Pag.145, from D 
toward 7, the lines drawne from B through the termes of 
choſe chords ſhall be the Signes required, 

Andwith theſe declinations,the height of the tyle,and the 
length of the axis,you May finde the angles at the parallell, 
and then the diſtances between the center and the parallell, 
which being pricked downe vpon their ſeucrallhoure-lines 
ſhall giue you the points of interſetion, by which you may 
draw the parallelsof the Signes, as in the fig es belonging 


to the polar planes. 
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and parallels of the length of the day. 


CHAP. XV. 


To deſcribe the parallels of the length of the day 
in any of the former Planes. 


''z length of the day will alwayes be 12 houres long 
when the Sunne cometh to be in the equator, and this 
holdeth in all latirudes bur at other times of the yeare che 
ſame place of the Sunne, wil not gue cheſame length of the 
day in another latirude;wherefore the latitude being known) 
we are firſt 


To find the declination of the Sunne agrecing to the 
length of the day, 


Conſider the ——_ berweene the length of an equi- 
nottiall day and the day propoſed, and turne the time into- 
degrees and minutes, 


As the ſine of go gr. 

isto the line of halfe the difference: 
So the cotangent of the laticude, 

co the tangent of che declination, 


As if the length of the day propoſed were 15 houres, the 
difference berweene this and an equinoctiall day (whoſe 
length 1s alwayes 12 houres) would be three houres, which 
make 45 gr. and the halte ditterence is 2227.30 mz: wheretore 
extend the compailes from the (ine of go zr. vato the tans 
gent of 38 gr.zo m,the complement of the latitude,rhe ſame 
exrent wilreach from the {1ncof 22 gr.30 #,vnto the tangent 
of 16 gr.55 m, forthe dechuation ot the Sunne ar ſuch time 
asthelength of che day is either 9 or 15 houres ; and from 
theſine of 30 gr.vnito the tangenc of 21 gr.q40 #2. tor the de- 
clunation belonging to 8 or 16 toures, and fromtheijine of 
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Parallels of che length of the day. 
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15 gr,ynto the tangent of 11 gr.38 m.for the declination be- 
longing to 16 or 14 houres, and trom the ſine of 7 gr.30*. 
vnto the tangent of 5 gr.56.for the declination of the Sun 
when the length of the day is either 11 or 13 houres. 

It then you inſcribe the ehords of theſe arks into the for- 
mer figure B DT, the lines drawne from B through the 
termes of theſe arks,ſhall be the lines belonging to the diur- 
nall arkes, and the ſeuerall diſtances berweene them and 
the point C giue the like diſtances berweene the center and 
the parallels of the lengch of the day vpon the houre-lines 
1n your plane. 

Or comparing theſe angles of declination with che angles 
at the equator,you may haue the angles at the parallel], and 
then find the diſtances between the center and che parallell, 
which being pricked downe vpon the ſeucrall houre-lines, 
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| ſhall giue you the points of interſeRion, by which you may 

raw-the parallels of the length of the day,whereof you haue 
another example in the diagram belonging to an horizontal 
plane, pag.io5. And by the ſame reaſon you may draw the 
parallels of choſe circles ro which the Sunne 1s verticall, the 
parallels of the principall feaſts, or what elſe depends on the 
declination of the Sunne, 


CHAP. 


The a:ſcription of the old 
CHAP. XVI. 


To draw the old -onequall houres ia the 
former Planes, 


g- was the maner of the Ancients to divide the day into 
ewelue cquall houres, and the night inco twelue other e- 
ual houres,and ſo the whele day and night into 24 houres. 

f theſe 24;thoſe which belonged vnro the day,were either 
lenger or ſhorter (excepting the two equinoCtial dayes)then 
thoſe which belonged vnto the night; and the Summer 
houres alwayes longer then the houres in the Winteraccor- 

/ ding to the lengthening of the dayes, whereupon they are 
called the old vncquall (and by ſome the Planerary)houres. 
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wntquall planetarie houres, 163 


To expreſle theſe in the former Planes : firſt draw the 
common houre-lines, the equator, and the tropiques,as be- 
fore : then deſcribe rwo occult parallels of the length of the 
day, one for 9 houres,the other for 15 houres;for ſo you may 
draw aftreighr line for the firſt vnequall houre through 5 he, 
45 m.in the parallel] of 15, andthrough 8 bo, 5 main the pa- 
rallel of 9, This ſtreight line ſhal palle direly through 5 ho, 
om.in the equator, and {o cut off a twelfth part of the arks 
aboue the horizon, both from theſe two parallels and the e- 
quator: and being continued ynto the tropiques,it ſhall alſo 
cut off about a twelfth part from them, and all the reſt of 
the parallels of declination,withour any ſenſible error, 

In like maner may you draw the ſecond vnequall houre 
chrough 7 ho.in the parallell of 15,through 8 ho.in the equa- 
ror,and through 9 ho.in the parallellof 9, and ſo in the reſt, 
25 in this Table. 
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 Andof theſe vaequall houres you haue a farther example 
1n the diagram belonging tothe polar declining plane, Pag. 
T3 - es 
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164 Houres from Sunriſing, and Sun ſetting: 
CHAP. XVII. 


Todraw the houres from Sun riſing and ſun ſetting 
in the former Planes. 


5 So know how many houresare paſt ſince the Sun rifin £ 
or how many remaine to the Sun ſertingy firſt draw the 
common houre-lines, the equator, and the tropiques, as be- 
fore: then deſcribe two occult parallels of the length of the 
day,one for $ houres,and the other for 16 hourtes.For ſo you 
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To drar the horizoxt ill line, 165 


may draw the firſt houre from the Sun riling through whe 
common houres of 5 in che parall?ll of 15, of 7 in che equa- 
tor, and of 9 in th2 parallell 078, In lice maner tae {econ 
houre fron Sun riling through the common koures 97 6 in 
the parallell of 16, of 8 in the equ3:or, andof1o in the pa- 
rallell of 8. And fo the reſt in their order, 

The firſt houre before Sun ſetting ,. or the 23:houre from 
the laſt Sun letting, may be drawne in like fort through che 
common houres of 3 after noane in the parallell of 8,ot 5 in 
re equator,anl of 7 in the parallell of 15. The fecond houre 
before Sun ſecting,orthe 22 houre aftcr che laſt Sun ſetting 
through the common houres of z in the parallell of 85. of 4 
in the equator,and of 6 in the parallel] of 16, And fo the reſt 
in the like order, whereof you haue anocher example in the 
Diagram belonging to the declining verticall,Pag.1 26, - 


CHAP; XVIIL 


To draw the horizontall line in the 
| former planes. 


"= common houre-lines do commonly depend on the 
ſhadow of the axis, but the parallels of the Signes, and 
of the length of the day, che houre-lines from Sun riſing 
and Sun fetting,wich many others, depend on the ſhadow of 
the top of the ſtylc,or ſome one point 1n the axis, which here 
Ggnificth the center of the world, and is repreſented by the 
oint B, And theſe lines ſo depending,are then only viſeful 
when they fall betweene the two trop1ques, and within the 
horizon. | 
There may be ſcucrall horizontall lines drawne vpon e- 
uery plane, as I ſhewed before in finding the inclination of a 
plane; bur the proper horizontall line which is here meant, 
muſt always be 1n the ſame plane with Þ the top of che ſtyle; 
ſo thar in an horjzontall plane there can be no ſuch hor 
| nf Þ zontall_. 


166 To draw the horizontal line. 


zontall line, but in all other planes it may be found by ap- 
plying the horizoncall leg of the Sefor vnto the top of the 
ſtyle, and then working as before z and che interſeion of 
this line with the meridian or ſubſtylar line, may be found 
by proportion. 


1 To find the interſeftion of the horizon withthe 
meridian,tn an equinottiall plane. 


As the tangent of 45 gn. 
. to therangent of the latitude: 
So isthe height of the ſtyle, (line. 
ro the diſtance between the ſtyle and the horizontal 


As inthe example of the former equizoctiall plane, Pag. 
142, extend the compaſles from the tangent ot 45 gr. vnto 
51 gr.30 m.the tangent of the latitude, the ſame extent will 
reach in the line of numbers, from 52 the length of the ityle 
vnto 66, and ſuch is che diſtance betweene the ſtyle and the 
horizontrall linezwherefore I cake 66 parts our of a luc of in- 
ches, and pricke them downe in the meridian line from C 
vnto H abouethe ſtyle in the vpper face, but below the ſtyle 
in the lower face of the plane,ſo a right line drawne through 
H,parallell co the houre of 6,ſhall be the horizontall line. 


2 To find the interſection of the horizon with the 
meriatas,in 4 direct polar plane. 


As the tangent of 45 gr. 
ro the cotangent of the latitude: 
So the length of the ſtyle, 
ro the diſtance between the ſtyle & the horizontal line; 


As in the example of the former polar plane, Peg. 144.cx- 
rendthe compaſles from che tangent of 45 gr. vnto tangent 
of 38gr,z3o w.the complement of the latitude, the ſame ex- 
rent will reach un the line of numbers, from 1.62 the length 
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The acſcriptian of the vertical circles. 167 


of the ſtyle,vnto 1.28,and ſuch is the diſtance vpon theme- 
ridian betweene the ſtyle and the horizontall line, 

In all vpright planes, whether they be dire& verticall, or 
declining,or meridian planes, the horizontall line muſt a[- 
wayes be drawne through A che foor of the ſtyle, as may ap- 

care in the examples before, Pag.102.107.116, 
And generally in all planes whatſoeuer,the horizontal line 
muſt be drawne through'the interſeion of the equator 


with the houre of 6. Or if that interſe tion fall without the 


plane, yer if any arks of the length of the day be drawne on 
che plane,the horizontall line may be drawne through their 
interſeions,with the houres of the Suns riſing or ſetting. 


CHAP. XIX. 


To deſcribe the verticall circles in the 
former Planes. 


He vertical circles commonly called Azimuths,are great 

circles drawne through the zenith , by which we may 
know in whar parc of the {S826 the Sunne 15,how far from 
the Eaſt or Weſt, and how neare vntco the meridian. 

In all vprighr planes, whether they be diredt verticals, 'or 
declining, or meridian planes, the ſemidi2merer of the ho- 
rizon wil be the ſame with AB che perpendicular (ide of the 
fyle, and theſe Azimuchs will be parallels one co the other, 
and the diſtance of each Azimuth,from the foote of the ſtyle 
ypon the horizoncall line , may be found in this man- 
ner, 

' Conſider the length of the ſtyle in inches and parts of in- 
ches, and the diſtance ofeach Azimuth from the ſtyle,accor- 
ding tothe angle atthe zenith in degrees and minures. 


As the tangent of 45 gre 
cothe tangent of the azigguthr: 


168 The deſcription of the con:mon Azimuths. 
_ Sothelengrth of the ſtyle, 


rothe length of the horizontall hne between the ſtyle 
and the azimuth. 
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As if it wererequired to draw the common azimuths on 
the Sourh face of the vertical! plane before deſcribed, where 
AB cthelength of the ftyle may be ſuppoſed to be 19 inches. 
Here the plane hauing no declination , the ſtyle is 1n the 
plane of he mer:..:an, and fo pointeth direQly into the 
South. Thepoint of $6 E 1511 gr.15 m.diſtantfrom the ſtyle, 
and SS E22 gr.30m. andtherelt in thei: order : wherefore 
extend the compaſlles from the tangent of 45 gr. vnto 10 in 
the line of numbers, the ſame-extent will reach from the 
rangeny 
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tangent of 11 gr.15 w.vnto 1,99 in 
the line of numbers for the length 
of the tangent line, betweene the 
ſtyle and che point Sb Z, and from 
the tangent af 22gr.30 m.vnto 4.14 
for SSE, and ſo tor the reſt, as in 
this Table, | 
In like maner in the firſt example 
of the declining plane , where the 
ſtyle tandeth according to the dc- 
clination 24 gr. 20 m9. diſtant from 
the South coward the Weſt , The 
next point of F6W is but 13 gr.5 w. 
diſtant from the ſtylezand the ſecond 
of SSW onely4 gr.50 m, and the 
third of SW6bS is againe 9gr.25 mn 
and the reſt in their order. Where- 
forc hauing before found the length 
of the ſtyle to be 6 inches 80 parts, 
extend the compatles from the tan- 
gent of 45 gr. vnto 6.80 parts in 
theline of numbers,the ſame extent 
wilreach from the tangent of 24 gr. 
20 7%, vnto 3-07 in the line of num- 
bers for the length of the tangent 
line between the ſtyle & the Souch, 
and from the tangent of 13 gr. 5 w, 
vnto 1.58 for the point of S#Y;and 
{o for the reſt, as in this Table. 

That done, if you take theſe parts 
out ofa line of inches, and pricke 
chem downe in the horizontall line 
on either fide of the ſtyle, drawing 
right lines perpendicular to the ho- 
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rizon through theſe interſections, but fo as they may be 
contained betweene the horizontall and rhetropiques, the 
lines ſo drawne ſhall be the azimurhs required, 


y 


In 


170 The deſcription of the azimuths 

In an horizontall plane theſe azimuths are drawne more 
ealily, For here the perpendicular (ide of the ſtyle is the ſame 
with rhe axisof the Co and the foote of the ſtyle is the 
verticall point, in which all the azimuth lines doe meete as 
their circles do in the zenith: wherefore ler any circle: deſcri- 
bed on the center A,at the foote of the ſtyle, be diuided firit 
into foure parts, beginning at the meridian, andrthen each 
quarter ſubdiuided either into eight equall parts, accor- 
ding to the points of the Mariners compalle,or into gogr.ac- 
——_ ro the Aſtronomical diuilion;if you draw right lines 
through the center and theſe diuiſions, the lines ſo Crawne 
ſhall be che azimuchs required: 

In all other planes inclining to the horizon,theſe vertical 
circles will meete in a point, but that verticall point being 
more or leſle diſtant_from the foote of rhe ſtyle , the angles 
at this point will be vacquall, 


I To find the diſtance between the foote of the ſtyle 
&xd the vertical point, 


The verticall point whercin all the verticall lines do meer, 
will be alwayes in the meridian, direftly vnder or ouer the 
top of the ſtyle; and the angle betweene the perpendicular 
fide of the ſtyle and the verticall Iinezwill be equall to the in- 
clination of the plane to the horizon, Wherefore 


Asthe tangent of 45 gr. | 
to thetangent of the inclination of the plane: 
So isthe length of the ſtyle, 
to the diſtance betweene the foote'of the ſtyle and 
the yerticall point. 


Thus in the firſt exaple of the declining inclining planes, 
where the ypper face of the plane looking Southweſt, the 
declination was 24 gr.20.m, the inclination 36 gr; and you 


may ſuppoſe AB the length of the ſtyle to be 6 inches : it 


you extend the compalles from the tangent of 45 gr. vnto 
the 
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the tangent of 36 gr. theſame extent will reach in the line 
of numbers from 6.00 vnto 4.36, for the diſtance LY be- 
rweene A the foore of che ſtyle and V the vercicall point, 


2 To find the diſtance between the foote of the ſtyle 
and the horizontal line. | 


As the tangent of the inclination of the plane, 
isto the tangent of 45 gr. 

So the length of the ſtyle, 

tro the diſtance berweene the foote of the ftyleand 
che horizontall line, 

So the ſame extent of the compaitles as before,wil reach in 
the line of numbers from 6.00 ynto 8.26 for the diſtance AH 
Y 2 be- 


173 The deferiptian of the azimuths 


berweene the foote of the ſtyle and the horizontall line, 
Then may, you take 4 inches 36 cert. and pricking them 
downe from A the foot of the ftyle vnto Yrhe.vercicall point 
in the meridian,draw the line FA , which being produced 
ſhall cut the horizon in the point H with right angles , and 
be that particular azimuth which is perpendicular co the 

lane, 
d Or you may take 8 inches 26 cext.and pricke chem downe 
in the-former line YA produced trom A vnto H, and fo draw 
the horizontall line through F perpendicular vnto Y H, 
which horizontall line being produced wil crofle the equz- 
tor in the ſame point wherein the equator crotleth the 
houre-line of 6,vnlelle there beſome former error. 


3. To fimd the angles made by the azimuth lines 
at the uertical point, 


The angles at the zenith depend on the declination of the. 
plane, asin our example,where the ſtyle ſtandeth according 
to the declination 24 gr.20 ms. diſtant from the South toward 
the Weſt, the azimuth of rogr.from the meridian Eaſtward 
will be 34 gr.20w. the azimuth of Io gr. Weſtward will be 
onely 14 gr.20 mm. diſtant from the ſtyle, and lo the reſt in 
cheirorder, 

Or if yow-would rather deſcribe the common azimuths, 
the point of Sb & wil be 35 gr.35 m.the point of Sb 13 gr. 
5 m,diftant from the ftyle,and ſo the reſt in their arder, Then 


As the line of go gr. 
to the colinc of the inclination of the plane: 

So the tangen: of che angle ar the zenith, 
to the rangent of the angle at the verticall point be- 
eween the line drawnethrough the foot of the ſtyle 
and the azunuch required, 


Wherefore the inclination of the plane in our example 


being 36gr.cxtend the compalles from the fine of go gr, vn- 
to 
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tothe fine of 54 or, the ſame extent 
ſhall reach in che line of rangents, 
from 24 gr.20 mm. vnto 20 gr.s m.for 
the angle H/a at y vertical point, be- 
tween the line VA-drawne through 
A che fooce of the ſtyle & the South. 
Againe, the ſam? extent will reach 
from the tangent of 13 gr.5 ». vnto 
1097.38 mn, forthe angle belonging 
tro $6, and lo for the reit, as in this 
table, 

Theſe angles being knownezif on 
the center Y, ar che yerticall point, 
you deſcribe an occulr circle ,, and 
therein inſcribe the chords of theſe 
angles from the line YH, and chen 


'draw right lines through the verti- 


call point, and the termes of choſe 
chords, the lines ſo-drawne ſhall be 
che azimuchs required... 
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The like reaſon holdeth for the drawing of the a2zimutrhs 
ypon all other inclining planes, wheof you haue anorher ex- 
ample in the Diagram belonging to the meridian incliner, 


Pag.126. 


Or for further ſacisfation you may gnde where each azi- 


muth line ſhall croſſe the equator. 


As the line of go gr, 
cO the line of the latitude: 


Sothe tangent of rhe azimuth fromthe meric12n, 


to the tangent of the equator from tlie meridia! 


Exrendthe compalles from the.line of 90 gr.vnto theline 
of our laticude 51 gr.z0 mn, the ſame extent willreach 1n the 
line af tangencs from 1027, vnto 7.97.50 mm, tor the incerfe- 
ion of the equator with the azimuch of 10.gr. fron rhe 
meridian, Againe, the ſame. extent will reach from 20. gr., 
VAT 
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174 The deſcription of the parallels of the harizon 


vnto I5 gr.54 m.tor the azimuth of 29 gr. And ſo the reſt,a: 
in theſe tables, 


Azam. | Equat. |dnim. Equat. 
Gr. M.\Gr. Ms Gr. M.\\Gr 24. 
tO ©| 7 50, 11 15] $ 51 
$20 O15 $4 22 30|l7 58 
zo ©0124 - 33 45 Z, 36 
40 © 8 O 2 
ex 
GO O153 35, 67 30|62 6G 
[70 of6s 3 73 4575 44 
8 077 18. go olgo © 
iO 0199 © | 


By which you may ſeethat the azimuth go gr.diſtant from 
the meridian, which is the line of Eaſt and Weſt, will croile 
the equator at 90 gr. from the meridian in the ſame point, 
with the horizontall line and the houre of 6. And that the a+ 
zimuth of 45 grewill croſſe the equator at 38 gr.2 m.from the 
meridian, that is, the line of SZ will crolle the equator at 
the houre of 9 and 28 win the morning,and the line of S 
at2 ho.3 2 nin.in the afternoone;and fo forthe reſt, whereby 
you may examine your former worke, 


CHAP, XX.- 
To deſcribe the parallels of the horizon 


in the former planes. 


E Naka parallels of the horrzon, commonly called Almican- 
ters, or parallels of altitude (whereby we may know the 
altitude of the Sunne aboue the horizon) haue ſuch reſpe&t 
vnto the horizon,as the parallels of declination vnto the c- 
quator, and ſo may be deſcribed in like maner. 


In 


Von an horizontal plane. 17s 
In an horizontall plane, theſe parallels will be perted cir- 


| cles z wherefore knowing the length of the ſtyle in inches 


and parts, and che diſtance of the parallell from the horizon 
in degrees and minutes, 


As the tangent of 45 gr. 
isro the length of the ſtyle: 

So rhe cotangen: of the parallell, 
co che ſemidiamerer of his circle. 


Thus in the example of the horizontall plane, Pag. 164. if 
AB che length of the ſtyle ſhall be.5 inches,and that it were 
required to finde the ſemidiameter of the parallell of 62 gr, 
extend the compatles from the tangent of qg gr. vnto 5.00 
in the line of numbers, the ſame extent will reach ſrom the 
rangent of 28 gr.the complement of the parallell ynto 2.65, 
and if you deſcribe a circle on the center A to the femi- 
diameter of 2 inches 65 cext, it ſhall be the parallell requi- 
red. 

In all vpright planes, whether they be dirc& verticals, or 
declining,or meridian planes, theſe graves will be conicall 
ſeions, and may be drawne through their points of inter- 
{etion, with the azimurch lines, in the ſame maner as the 
parallels of declination ,through their poines of interſetion 
with the houre-lines. Tothis end you may firit finde: the 
diſtance berweene the top of che ſtyle and the azimuch; and 
then the diſtance berweene the horizon and the parallel], 
both which may be repreſented in this 1aner, 

On the center B and any ſemidiameter B HA, deſcribe cn 
occult arke of a circle,and therein inſcribe the chords of (uch 
parallels of altitude as you intend to draw on theplane, (I 
haue here pur them tor 15.30.45 and Gogr.) then draw 
right lines through the center and. the termes of thole 
chords, ſo the line B H ſhall be the horizon, and the reſt che 
lines of alcirude, according to their diſtance from the ho- 
TiZONs 
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T hat done,conſider your plane (which here for example 1; 
che South face of our vertical plane, p.168) wherein hauing 
drawne both the horizontall & verticall lines, as I ſhewed be- 
fore,firſt take our A B the length of the ſtyle, & pricke that 
downe in this horizontall line from B vnto A;then take out 
all the diſtances between B the top of the ſtyle and the ſeue- 
rall points wherein the verticall lines do crofſe the horizon- 
cal,transfer them into this horizontal line BH,from the cer - 
ter. B,and at the terms of theſe diſtances cre lines perpendt- 
cular to the horizon, noting them with the number-or let- 
ter of the azimuth from whence they were taken , ſo theſe 
perpendiculars ſhall repreſent thoſe azimuths, and theſeue- 
rall diſtances betweene the horizon and the lines of altitude 
fhall giue the like diſtances, berweene the horizontall and 

the parallels of altitude vpon the azimuchs in your plane. 

Vpon this ground it followeth, 


To 


——— 
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| 1 To find ihe diſtance between the top of the ftyle,aud the 
| ſenerall points wherein the azimuths do crofſe 
| the horizoatall line. 


Hauing drawne the horizontall and azimuth lines as be- 
fore,looke into the table by which you drew them,and there 
you ſhall haue the angles at the zenith, Then 


As the coſine of the angle at the zenith, 
3s to the {ine of 95 gr. 
So thelength of the ityle, 
to che diſtance required, 
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Az \Ang Ze[TargentiSecanr. | Par.15.] Par, 20. 
wurbs, Gr, MToch. Þ.Toch, P.|Toch, Þ.|Inch. Þ, 
Sowmh,| © o| © 0/10-00| 2 68] 5 77 
SbE. 11 15} 1 99,10 20| 2 73| 5 90 
SSE 22 30| 4 1410 821 2 go{ 6 24 
SE6$33 45] $ 6812 03] 3 23/6 94 
S'E 45 0110 ©O'14 14 3 8} 8 ». Fa 
SE6E$6 1g|14 97/18 00 4 82/10 4o 
ESE 67 3oſz4 1426 13' 7 0215 08 
EbS 78 qsi5o 2751 2613 73/129 60 
Eaft. 90 o[nfinit InfinicInfoirſIofinic 


As in our example of the verticall plane, where A B the 
length of che ſtyle was ſuppoſed to be 10 inches, extend the 
compatlles from the line of 78 gr.45 w.(the complement of 
11 gr. 1g m.theanglcat the zenith, belonging to $b E and 
$bW) vnts the line of go gr. the ſame excenc wil reach fron 
1000 the length of the ſtyle, vnto 10,20 for the diſtance be- 
tweene the top of the ftyle and the interſection of the azi- 
muth $6 E with the horizontall linc,which diſtance may be 
called che ſecawt of the azimuth, and may ſcrue for the draw- 
ing of the parallell of g5 gr.from the horizon. The like reaſon 
holdeth tor the reſt of theſe diitances here repreſented in 


the line BH. 


2 To finde the diſtance betweene the horizon 
and the parallels, 


As the tangent of 45 gr. 
.to the tangent of the parallell: 
So the ſecant of the azimuth, 
to the diſtance required. 


As if it were required to draw the parallel! of 15 gr. from 
the horizog,vpon this verticall plane; extend the compaſſes 
from the rzmgenc of 45 gr.vnto the tangent of 15 gr.theſame 


extent Will reach in the linc of numbers from 10, oo the {e- 
cant 


% 


wpon au inclining plane. _— 
cant of the South azimuch vnto 2.68, and therefore the di- 
ſtance berweene the horizon and rhe parallell of r5 gr. is 2 
inches 68 cent,vpon the South azimuch, Againe, the ſame 
extent will reach irom 10.20 the ſecant of $6 E vnto 2,73 
| for che like diftance belonging ro Sb Eand SbW, and to for 
| the reſt, which may be gathered and ſer downe in the ta- 
EE ble. 
That done, and the horizon and azimurhs being drawne, | 
pricke downe 10 inches from the horizoncall line ypon the - 
Souch 2zimuch,& 10 inches 20 cext,on the azimuths of SIE 
and S4Wp, and 10 inches $2 cext, on the azimuths of SS E 
and SSWw, and 12 inches 3 cente.on the azimuth of SEbS and 
$Wb'$, and fo the reit of theſe diſtances on their ſeuerall a- 
zimuchs: then if you draw a crooked line through all theſe 
poincs, that may make no angles, the line ſo drawne {hall be 
the parallell of gs gr.tromche horizon. In like maner may 
you draw the parallell of 15 gr, or any other parallell of alct- 
tude ypon any verricall plane. 

If the plane incline to the horizon, after we haue found 
the vercicall point, and drawne the horizoncall line, we are 
farcher to finde the length of the axis of the horizon , then 
y che angles b-twixt this axis and rhe azimuth lines, and ſo 
| | the ſeuerall diſtances berw:ene the parallels and rhe ver- 
4 ticall poinc, al! which may be repreſented in chis man- 
ner. 

O: the center B, and any ſemidiamecer, deſcribe an oc- 
eur quadrant ofa circle, and therein inf{cribe the chords of 
tuch parallels of alcirude as you inrend co draw on che plane, 
| drawing rig'tt lines through che center and che rermes of 
L heſe chords, ſo the line B H ſhall be che horizon, and his 

perpendicular BY the axis ot the horizon, and the reſt che 
lines of alcicude, according to: their diſtance from the ho- 
F1ZON, 
T hat done, conſider your ptane, which here for example 
isthe firſt of our three declining inclining planes, whereig 
hauing drawne both the horizonrall and vercicall lines as I 
ond before , fark take out the axis of the horizon, which 
Z & 1S 


To draw the parallels of the horizon 
lo) 


is the line between Brhe top of the ſtyle and V che verticall 
point, and pricke that downe in this figure from B vnto 7; 
chen take our both the line YH and all che reſt of the diitan- 
ces between V the verticall point and the feuerall points 
wherein rhe yerticall lines doe crolle the horizontall line of 
this figure,trom the point Y, noting the place where they 
crolle the horizontall line with the number or letter of che 
azimuth from whence they were taken,and drawing the azi- 
muth lines from F through the lines of altitude, 

Or hauing the Sefor you may draw an occulc line FE per- 
pendicular to the axis Y B, and therein prick downe the tan- 
gent of the complement of the inclination of the plane 
trom Y vnto E : then draw the line E F paralle!l to the axis, 
croſſing the line YH produced in the point F, fo chis line 
E F will be asche line of fines vpon the Sefor, and therein 
you may pricke downe the fines of the complement of the 
angles at the zenith from E towards F,and draw the verticall 
lines by thoſe points through the lines of alcirude , ſo the 
angles at V, betweene the axis V B and thoſe azimuth lines, 
ſhall be the angles betyycene the axis of the horizon and the 
azimuth 


Upon 4% inelining plane. | 18r 


azimuth lines on your plane, and the ſeuerall diſtances be- 
tween the point V and the lines of altitude, ſhall give the 
like diſtances betweene the verticall point and che parallels 
of altitude vpgon the azimuths in your plane, Vpon this 
ground itfolloweth, 


1 To find the length of the axis of the horizow. 


The verticall poinr is alwayes either direly ouer or vn- 
der the top of the ſtyle, and the diſtance berweene them 1s 
that which I call che axis of the horizon, which may thus be 
found, 


As the coline of the.inclinawon, 
tro the line of go gr. 
So the length ot the ſtyle, 
tothe lengrh of the axis of the horizon, 


For example 1n the firſt of the three declining inclining 
lanes,the inclination to the horizon is 36 gr. the lengeh of 
che ſtyle A B lix inches, extend the compatles from the ſince 
of 5 4 gr. the complement of the inclination vnto the line of 
go gr. the ſame extent wil reach in the line of numbers from 
6.00 vnto 7.42,& ſuch is VB the length of the axis required. 


2 To find the angles contained between the horizon and 
the werticall lines porn jonr plane. 


The angles at the vertical point betweene the axis of the 
horizon and the azimuth lines ypon your plane are repre- 
ſented in this figure by thoſe ar V, berweene VB and the 
azimmechs. The angles betweene che horizon and the azi- 
muth lines heing complements to the former, are repreſen- 
ted either by thote which are made by V E or by B H, and 
the azimuth lines which are drawne from V. 

That you may find them, looke into the Table, by which 
you drew the aznnuth lines,there ſhall you finde the angles 
at the zenith, Then 

23 As 
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As the line of gogr. 
 , - tothecoline ofthe angle at the zenith: 
__ Sothetangent of the inclination to the horizon, 
to the tangent of the angle betweene the horizon 
and the verticall line. 


In our example where the inclination to the horizon 1s 
36gr. and the angle at the zenich berweene the azimuth ac 
the Ryle and the meridian, is according to the declination 
24 gr.20 m, extend the compalles from the fine of 90 gr.vnto 
the tangent of 36 gr. the ſame extent wil reach from the ſine 
of 65 gr .qom.the complement of the angle atthe'zenith,vn- 
tothe tangent of 33 gr. 30 m, for the angle contained be- 
eween 


I i _ Y; vi 
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eween the horizon and the South part of the meridian line, 
Again,the ſame extent wil reach fro the coline of 35 gr.z5 m. 
the angle at the zenith belonging to $b E vynto the tangent 
of 3ogr. z ws. for the angle betweene the horizon and rhe 
azimuth line of $6 F. The like reaſon holdeth for the reft, 
which may be found and ſet downe in the Table. 


S6Ww |13 
SW} 1 


$W |20 
SWbw|31 


M. 


Ang.V. ſapg.Ho Horizop|11 1826 34)45 © | 
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40 46/26 
Zo 3130 
20 5$54ij33 
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1087 44] 1 


Nwhgg 25101 356 47 
Io 40115 © 


14 
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3514 $8|10 
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Then may you eicher draw theſe angles at V inthe forme: 
fgure more perfectly, and thence finiſh your worke, or elſe 
proceed. 
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2 To find the diſtance between the werticall point 
and the parallels of the horizon. 


Theſe diſtances may be found by reſoluing the triangles 
in the laſt figure made by the axis,the lines of alcirude,and 
the azimuth lines. For hauing the length of the axis and the 
angles at the horizon,if you adde the diſtance of the parallel 
from the horizon vats the angle at the horizon , you ſhall 
haue the angle at the parallel], Then 


- Asthe ſine of theangle at the parallel, 
to the coline of the altitude; 
Sorhe length of the axis, 
co thediftance betweene the verticall point and the 
paralle]], | 


Thus in our example if it were required to finde the di- 
ſtance vpon the ftylar azimuth V H, betweene the verticall 
poineand the horizon,you haue the reQangle triangle VBH, 
wherein the angle at the horizon here repreſented by BHV 
is (equall co the inclinarion of che plane) 36gr. and BYV the 
axis of the horizon berweene the plane and che cop of che 
ylc,is 7 inches 42cear, Wherefore extend the compaſlles' 
from the line of 36 gr.vacothe line of go gr.the complement 
of the altitude,the tame extent will reach in the line of num- 
bers from 7.42. vato 12 62, and ſuch isthe diſtance of the 
perpendicular azimuth line V H between the verticall poin: 
and the horizon, 

In like maner if you would find the diſtance vpon the me- 
ridian between the verticall point. and the horizon, extend 
the compatles from the fine of 33 gr.zom.the angle ar the 
horizon, tothe ſine of 90 gr. the lame extent will reach in 
che line of numbers from 7.42 vnto 1 3.44,and ſuch is 7a the 
diſtance berweene the verticall point and the horizon vpon 
theline of the South azimuth, char is, vpon the mcridian 
line, 

Bur 
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But if you would find the diſtance vpon the meridian be- 
tweene the verticall point and anyother parallell of the ho- 
rizon,as vpon the parallcll of 26 gr.34 wv. then adde theſe 26 
£7.34 m.vnto 33 gr.zo w.the angle at the horizon, ſo ſhall 
you haue 60 gr.4 m.for BDV the angleat the parallell, And 
if you exrend the compalles from the ſinc of 60 gr.q w.vnto 
the fine of 63 goes ». the complement of the parallel! from 
the horizon, the ſame extent will reach in the line of num- 
bers from 7.42 the length of the axis,vnto 9.66, and ſuch is 
the diſtance VD between the verticall point and the parallel 
of 26 gr.34 w.vp0 the meridian line, The like reaſon holdeth 
for all thereſt, which may be gathered & ſer down in y table. 

That done,and the horizon drawne as beforegif you would 
draw the parallel of 26 gr. 34 m.from the horizon, looke into 
the table, and there finding vnder the title of the parallel of 
26, 34,the diſtance on y South azimurh line to be 7.66, take 
7 inches 66 cen#.0ur of a line of inches,and prick them down 
on the meridian of your plane,trom rhe verticall poine atF. 

. Or if either che vercicall point fall without your plane, or 
the extent at any time be too large for your compatles, you 
may pricke downe the diſtance berweene the horizon and | 
the parallel. As here the diſtance berweene the vertical point 
and the parallell is 7,66, betweene the verticall paint and 
"che horizon 13.44 zthe difference berween them 5.78 is the 
diſtance fro the horizon to rhe paralle}, which being-pricked 
downe ypon the meridian, ſhall giue the ſame incerteion 
25 befere. And the like reaſon. holdeth for the pricking down 
the reſt of theſe diftances on their ſeuerall azimuchs; + - - 

Having the points of interſe&ion berweenethe azimuths 
and the parallell, you may ioyne them all in a crooked line 
without making of angles,the line.to drawne ſhall be che pa- 
rallelt required, And vpon this ground it tollowethg-- 


To deſcribe ſuch parallels on the former planes, as wry few 
the proportion of the fhadew' unto the gaomon, 


The proportion of a mans ſhadow-vnto his hezghtz ot:0- 
Sa; --- + +eher 
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ther ſhadow to his gnomon ſet perpendicular to the hdri- 
'zon, may be ſhewed by parallels to the horizon , it they be 
drawne- to a duc altitude, which may thus be found: 


As the length of the ſhadow,to-the length of the grnomom 
Sothe tangent of 45 gy. to the tangent of the alticude, 


As if it were required-to finde the altitude of the Sunne 
when the ſhadow of a man ſhall be _—_ his height, ex- 
rend the compailes from 10 vnrto x.3n the linc of numbers, 
the ſame extent will reach in the tangent. of 45 | "mn 
tangem of 5 gr.42 w; which ſhewes that when the Sun com- 
meth to the altitude of 5 gr.q42 w. your ſhadow, ypon a leuell 
ground, will be ten times as much as your heighe. In the: 
ſame maner you may finde that at 7 gr.3wv. of altitude your: 
ſhadow wil be otuple, at 9 gr.27.m.1extuple, at11 gr.13».. 
quincuple, at 1497.2 mw. quadruple, at 18 gr.26 m.triple, at: 
26 gr.34m,double to your height, at 33 gr.41 m.as 3 vato 2, 
at 36 gr.5 2 w.254 VntO 3, at 38 gr.qow.as 5 vnto 4, at 45 gr. 
equall,at 51 gr.20 9.454 VntO 5, at 53 gr.7 Maas 3 vato <, at 
56 gr. 198.25 2 vnto Z,at$9 27.2 w.as 3 vito gat 3 gr 26 m. 
as 1-ynto 2,&c. 

{f then you .draw-4 paralletl'to the horizon at 5 gr:42 mv; 
another at 7 gr.7 w.and {othe reſt, when the ſhadow of the 
fyle falleth on the parallell, you haue the proportion, and 
thereby may you knowthe ſhadow- by.the height, and che 
Height by the ſhadow,whereof you haue examples Pag.126., 
and 137. 

E might herc. proceed to-ſliewthedefcription. of the cir- _ 
cles of poſition, the Signes of theZodiacke in the meridian, 
the Signes aſccnding and deſcending , with ſuch other 
gnomonicall-conchuitons; but theſe would prouc ſuperflu- 
ous to ſuch as vnderſtand the doctrine of the Sphere; and for 
others,that which is delivered may ſuffiſe for ordinary vs, it 
þeing.my intention not ſo much to explane the full: vic of }.. 
thadowes(whereof I haue latcly giuen a large example in an 
other place) asthe vſe of theſe ines of proportion So were 
not excant heretofore. | 


. 
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An Appendix concerning 
The deſcription and uſe of a ſmall —_— 
Oxadrant, for the more eafie finding of 
the houre end Azimuth. 


CHAP. I. 
Of the deſcription of the Quadrant. 


ÞJAauns deſcribedtheſe ſtanding planes, TI will now ſhew 
che moſt of theſe concluſions by a ſmall Quadrane.This 
might be done generally for all latitudes, by a quarter ofthe 
generall Aftrelabe, deſcribed before in the vſe of the Seer, 
p4g-58z and particularly for any one latitude, by a quarter of 
rF> particular Aſtrolabe, there alſo deſcribed,pag.63. which 
if ir £ a foote ſemidiameter, may ſhew the azimuth vnto'z 
degree, andthe time of the day vnte a minure; but for ordi- 
nary vſe this ſmaller Quadranc may ſuffice, which may be 
made portable in this maner. 

z Vpan the center £,and ſemidiameter 4 B, deſcribe the 
arke BC: che ſame ſemidiameter will ſet of 66 gr. andthe 
halfe of that will be 30 gr. which being added tothe former 
60 gr. will make che arke BC to be go gr. the fourth part of 
the whole circle , and thence comes the name. of a Qua- 

ranic, | 
; 2 Leauing ſome little ſpace for the inſcription of the 
moneths and dayes, on the ſame center &F, and ſcmidiame- 
cer AT, deſcribe the arke TD, which hall _ for cither 
tropiquce : | ; 4 
Diuide the line AT inthe point E, in ſhchpropor- 
tion,as that AT being 10000, A F may be G55 andthere 
draw another arke E F, which ſhall ſerue for the Equa- 
Ore 


Diuide AF the ſ{emidiameter of the equator in the 
point G,'10 as A F being 10000, theline AG may be 4343, 
| 6: '\aa-2 and 
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andon tlie center G and femidiameter G D deſcribe the aikte 
ZD,which ſhall ſerue for afourrh part of the ecliprique. * 
s. Thisparcof the ediprique may be diuided into three 
5 . bignes, 


Theecliptiqae an4 lint of Xclination. 


18g 


Signes, and cach Signe into 39 
27. by a table of right afcenſrons, [DI T 
made as before pag.6o. As the 


A [able ot 12h: Aticentions, 


_ — 


"a 0” ng 
righe aſcenlion of the firſt point | [7 == RR — 
of & being 27 $7.54 *. you may [þ}j- _— 54 57 45 
lay aruler to the center 4 & 27 | 5} $ 35132 42163 3 
gr.54 m.in the Quadrant FC,che [191 9 2137 35/58 24 
poine where the ruler crotſech |*5|* 3 4342 31/73 43 
the Ecliptique, ſhall be che firft [22/15 27 47 33/79 7] 
point of & In like mzner the [25j*3 9 53 I nh 32 
right afcenſion of the firit poinr [3227 _534 37 4590" -0 
of It being 57 gr.48 ».. if you lay a ruler co the | 
center A, and 57 gr. 48 9. in the quadrant, the |Gr./Parts.. 
poinr where the ruler crolleth che ecliprique, | 176 
thalbe che firſt point of IT. And to forthe reſt:but | 2 35 of 
the lines of diſtinion berween Signe & Signe, | 3 5 37 

may be beſt drawne from the center G. 4 723 
6 Theline E T betweene the equator and | 5, 913 
the cropique,which'I call ctheling gf declination, | F556 
may be diuided into-23 gr. +0uroFrhis Table, /# 202] 
Forler A E:the ſemidiameter of rhe equacor be : wes! 
10000, the diſtance berweene the equator agd 9 15 E 
logr, of declination. may be 1917 more; be-. !;; Naw, 
tween the equator and 20'er.42$1; the dittance.. —; *— 
of the tropique from che equaror 5 25 2. "2 12 
7: You may put in the moſt of che principall [£5,234% 
tres berweene the equaror and che tropique [ 3/3577 
of S,by cheir declination from che equator, and. 11+, *799, 
righraſcention rom the nexc equinothal point, = 3032} 
As the declination of che wwg of Pegaſus, being © 3270, 
13:gr.7 m..che right afcenfion 358 gr. 34 w.trom |17 3514 
the firſtpoine of £,or 1 gr.25 miſhotr of it. ft you i G, 3763 
draw art occult parallell chroagh 14 gr.7 motde- |19/4219 
clination,and then lay rae ruler ro che oznter L, |*2 4281 
and 1gr.,26 m, in the quadrant BC, the poinr [21/4550 
where tlie culer crotſerh che parallell ſhall be che [22/45 25 
place for the wing of Pegaſus, ro which you may |23[5108 
. A aa Z {er rr 5252 
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ſer the name and the time when he cometh to the South, 


in this maner, Peg." 23 He.54 M. and o for thereſt of 
theſe fiue, or any other ſtarres, 


—— 
» Cx” 


Pegaſm wing *. | 

Hurws * [13 58129 37/21 10 
'Liows beart * | 9 48[32 58/13 45 
\Buls ee *® | 4 15163 33;15 42 
= | | | 
if witwres beart * [19 33166 56' 7 58 


$ Thcrebcing ſpace ſufficient between the equator and 
the center,ybu may there deſcribe the quadrat, and divide 
each of the rwo ſides fartheſt fro the center into 100 parts, 
ſoſhall the Quadrant be prepared generally for any lacitude, 

But before you draw the particular lines, you are to fit 
foure tables ynto yourlatitude. 

Firſt a table of mcridian altitudes for diuifion of the circle 
of dayes and moneths, which may þe thus made: Conſider 
the latitude of the place and the declination of the Sun for 

each day of the yeare. If the Jaticude and declination be alike 

both Northoor borh Souch,ad the declinati6 to the comple- 
ment of the latitude; if they bevnlike, one North, and the 0- 
ther South, ſubſtra the declination from the complement 
of the latitude, che remainder will be the meridian alticude 
belonging vntothe hs | 

Thus im our Jaticude of 5r gr. 30 m9. Northward , whoſe 
complement is 38 gr. 30w.. the declination vpon the tenth 
day of Tune will be 23 gr.30 w.Northward,whercfore I adde 
23 £7.30 9. vnto 38 gr. 30m. the ſumme of both is62 gr, for 
the mcridian alticude at the tenth of Tune. The declin a- 
tion ypon the tenth of December will be 23 gr.30 w.South- 
ward, wherefore 1 take theſe 23 gr.z0m.0ut of 38 gr.zom, 
chere wil remain 25 gr.forthe meridian altitude at the eenth 
of December; and in this maner you may find the meridian 
alcitude for each day-of the ycare, and ſet them downe in a 


£ablc, 
The 


A table of meridian altitader. 


31 45,29 53/28 -.4 L 
Nowember|z21 1219 51.18 3917 35116 4316 oj1y, 28] 
December'15 2815 715 015. 2t5 1735. 4416" 22 


ok 2641 30 


The Table being made , you may infcriberche moneths,- 
anddayes of cach mpneth into your quadrant, in theſpace. 
left below the tropique.gFor lay theruler vnco the center A, 
and 16 gr.31 m. in the quadrant BC, there may you draw a: 
line forthe.end of December and beginning of Iamggry5- 
then laying your ruler to the center A, and 24 gr. 17 #..1n 
the quadrant, there draw.the end of Tanuary and beginning 
of February, and fo rhe reſt,” which may be nored with 
IF, M, A,M, I, &c.che firit letters of each monech,and wil 
here fall berweene 15 gr.and 62 pr. - 

The ſecond Table which you are co fic, may ſerue forthe 
drawing and dmiding of. the horizon . For drawing of che . 
Hox1zon. | | 
As the cqtangent of the latitude. 

coche tangent of che greateſt declination: - 

So the fine of go-gr, - 

to the ſine of interſeion, where the horizon ſhalt - 

crofle che cropiques. 


SO 11 our latitude of 5 1:gr.30 m.we ſhaltfind rhehorizon 
:0 cut the tropique in 33 gr.9 a5: wherefore if you lay hoes 


192 A tabs for diuiding of the herizow. 


+ lextothe center A,and 33 gr.g9m..in the quadrant, the point 
Ws the ruler crollech the tropique ſhall be the point 
*®Wherec the horizon croſleth che tropique. And if you finde a 
pointat H,in the line AC, whereon ſecting the compalles, 
you may bring the point ar E,and this = in the tropique 
both into a cixcle,the point & ſhall be the center,and the ark 

ſo drawne ſhall be che horizon. Then for the diuifion of this 


herizon. 
As the fine of go gr. 
ro the line of the latitude: 
$o the rangent of the horizon, 


ro the tangent of the arke in the quadrant, which 


{nall diuide the horizon, 


So in our latitude of 51 gr.30 #7, we ſhall inde 7gr.5 2 m. 
belonging to ro gr,in the horizon, and 15 gr.54 m.belong- 


ing to 20 gr. Andliothereſt,as in this Table. 


. 

Ho Gr, M Ho Gr. M.Ho Gr. MHo|Or. M.Ho\Gr, MHe Gr, M. 
0' 0_01511 5130 24 19/45/38 2/60/53 357571 5 

| © 47] [12 39 25 | [39 1 [54 41 [72 19, 

| r 34] [13 27 {26 4| {49 © |55 48, 73 33] 

| 2 21] 14 16, |26 57] '41 © 156 $6, 174 48 
| |3 8| i115 4 [27 50| 42 © j58 4! (76 3 
| $[3 5520 25 54 3525 4315043 ofts5i59 138077 18 
4 42| 116 43, [29 37] {44 1 |60 22; 78 33 

5 29] {17 33] {30 32] {45 3; [61 31; 79 49 

6 29] . [18 22; [32 27 46 5 62 41] (381 $g 

9. i 19 12/ [22 22 47 8 G2 52] |82 21 
20|_7 $325,20 340 33 18[5548 117065 385/83 37 
8 39) |20 53] 134 14| {49 14) [66 15] [84 53 

9 27] |21 44] |35 1o} i590 19 [67 27] |86 10 

Io 14] |22 36| |z6 7} |\51 24 |68 39| i8> 26 
11 2| [23 27] |>7 4} .|52. 29, (69 52 88 43 
I5'ir 51/30 24 194538 2ſ6o's3 3575/71 5 $090 © 


*" 
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Wherefore you may lay the ruler tothe center 4, and 
7 gFf:52 min the quadrant BC, the point where the mls 
crolſerh the horizon ſhall be 10gr.in the horizon z and F 
for the re|: bur rhe lines of diſtin tion berween each fitc dee 
grec,will be beſt drawne trom the center HH. 


The third Tadle for drawings of che houre-lines, muſt be 

1 Table of the altirude of the Sunne aboue the horizon at ec 

uery houre, elpecially when he cometh ro the equator, the 
cropiques,andfome other intermediate declinations. 

It the Sunne be in the equator,and ſo haue no declination. 


As the {ine of go gr. 
to the culine of the latitude: 

So the coſine of the houre from the meridian, 
to the line of the altitude, 


Thus in our latitude of 51 gr. 30 w.at fix houres from the 
meridian the Sunne wil haue no altitude,ar fiue the altitude 
will be 9 er.17 mn; at foure 18 gr.S m; at three 26 gr.7 my at 
two 3227.37. atone 36 gr.58 m; arnoone 1t will be 3$ gy, 
30 mn, equall tothe complement of the latitude, 

Ifthe Sunne haue declination, the meridian altitude wil 
be found as before,tor the Table of dayes and moneths, 

-- the houre propoſed be fix in the morning or (ix at 
nighe, 


As the ſine of 9d gy. .. 
to the line of the latitude: 
So the line of the declination, 
to the line of the altitude, 


Thus in our latitude the declination of the Sunne being 
2327.30 m. thealtitude will be found to be 18 gr.11 m: the 
declination being 11 gr.zo w.chealtitude will be 9 gr, 

It the hourepropoled be neither rwelue nor ſix. 


As the coline of the houre from the meridiau, 


bb So 


co the line of go gr. 
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So the tangent of the latitude, 
to the tangent of a fourth arke, 


Soin our laticude and one houre from the meridian, this 
fourth ark will be found to be 52 gr.28 w. at twog55 gri26 m, 
ar three 60 gr.39 #7. at foure 68 gr,22 m, and at fiue houres 
from the meridian 78 gr.22 m. 

Then conſider the declination of the Sunne and the houre 
propoſed ; it the latitude and declination be both alike, as 
with vs in North latitude, North declination, and the houre 
fall betwecn noone and lix, take the declination our of the 
fourth arke, che rewainer ſhall be your fitt arke. 

Bur if cither the houre fall berween (ix and midnight, or 
the latitude and declination ſhall be vnlike, adde the decli- 
nation vnto the fourth arke, and theſumme of both ſhall be 
your fifth arke: or if the ſumme ſhall exceed go gr. you may 
take the complement vato r80gr. This flicth arke being 
knowne : 


As the fine of the fourth arke, 
ro the (ine of the latitude: 

So the cofine of the fift arke, 
to the {inc of the altitude. 


Thus in our latitude of 51 gr.3o m.Northward,the Sunne 
hwing 23 gr.39 w.ot North declination, it it ſhall be requi- 
red to finde the altitude of the Sunne for ſeuen in the mor- 
ning ; here becauſethelatitude and declination are both a- 
like to the Norchward , and the houre propoſed falleth be- 
tweene noone and (ix, you may take 23 gr.3om.the arke of 
thedeclination our of 78 gr.2 2 a.the fourth arke belonging 
to the fift houre from the meridian , ſ@ there will remaine 
54 £r-52 m.tor your fift arke, Then working according to the 
Canon, you ſhall find, 


Asthe fine of 98 gr. 22 »1.your fourth arke, 
tothe fine of 51 gr.30m.for the latitude: 


for any houre and latitude propoſed. 195 


So the ine of 35 zr.8 m.the coplement of your fift ark, 
ro the line of 27 gr. 17 m.the alcirude required, 


Tf in the ſame latirude and declination, it were required 
ro finde the altitnde for fiue in themorning, here he Lo 
falling berweene fix and midnight; if you adde 230r.30 18, 
vnto 78 gr.22 mm. the ſumme will be r or gr.g2 av. andthe 
complement to 180 gr,will be 78 gr.$ mw, for vour fitth arke. 

. Wherefore | 


As the fine of 78 gr.2 2 w, 
ro the line of 51 gr. 30m. 
So the coline of 38 gr.8 m. 
ro the line of 9 gr.32 m.for the altitude requized. 


IF in the ſame Jatitude of 51 gr.30 m. Northward, the 
Sunne hauing 23 gr.30 ,of South declination, it were re- 
quired che altitude for nine in themorning ; here becauſe 
the laticude and declination are vnlike, the one North, and 
the other South, you may adde 23 gr.30 mthe arke of decli- 
nation,vnte 60gr.39 m..the fourth arke belonging to the 
third houre from che meridian, ſo ſhall you hauc 84 gr.g m, 
for your fift arke. Wherefore 


As the ſine of 60 gr. 39 w, 
to the ſineof 51 gr.30 mw, 
So the coline of 84 gr.9 m. 
to the line of 5 gr.15 for thealtitude required, 


And ſo by one or other of theſe mearies you may finde 
the altitude of che Sunne for any point of the ecliptique at 
all houres of the day, and ſet them downe in ſuch a Table 
as this, 


bb 2 


ATable 
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A Table for the altitude of th: Sunne in the beginning 
of each Sizne at all haures of the day, calcul1- 
tea for 51 gr.30 2.0f North latitude. 
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Laſtly, you may finde what declination the Sunne hath 
when he riſeth or ſettech at any houre, : 


As the line of go gr. 

to the line of the houre from (ix: 
So the cotangent of the latitude, 

ro the tangent of the dechinacion, 


And ſo inthe latitude of 1 gr. 30 29. you ſhall inde that 
when the Sun riſeth, cicher at fiue in the Summer, or ſcuen 
in the Winter, hisdeclination 1s 11 gr. 37.95: when he riſcth 
at foure in theSummer, or eight in the Winter, his declina- 
tion 1s 21 9y.40 m.which may be alſo ſer downe in the Table. 

T har done,you may there ſee that in this latitude the me- 
ridjan altirude of the Sunne in the beginning of « is 62 gre 
iniT58gr.qzm.int gogr. in.V 38 gr.go m &c. But the 
beginning of S and Y 1s repreſented by the rropiques 7D, 
drawne at 23 $r.30m.o0f declination, and the beginning of 
Y and=,by the equator E F, If you draw an occult parallell 
berweene the equator and the tropique,at 11 gr,zo m.of de- 
clination, 


Tin? maner of drawing the hoavre-lines. . 197 


clination, irſhall repreſent the beginning of S,#p,M,and X; 
it you draw another occulr-parallell chough 20 gr.12 # of 
declination,it {hall repreſent che beginning of m, N,Z7,and wx, 

Then you may lay a rulerro che center A,avd 62 £r.in the 
quagdravt BC, and note the point wacre it crolleth che tro» 
piqueof Sz then mone the ruler to 582r.529, andnote 
where 1t croſſe:h che parallell of T3 then co 5o gr. and note 

where ir cro{lech the parallel! of 5;and againe to 38 gr.30 m. 
noting where it croflech the equarorz ſo the hne drawne 
through chete poincs iall ſhew che hoare of 12 1n the Sum- 
mer,wiule che Sunne 1511 Y,5,m,5,5zor tp. In like maner 
if you lay the ruler to the center and 27 gr. in the qua- 
drant,and note the point where it crotlerth the parallel of x4, 
then moue it ro 18 gr.1824, and note where it crolleth the 
parall-1l ofzz; and againe- to 15 gr. noting where it croflech 
the tropique of W, the line drawne through theſe points 
ſhall ſhew the hore of 12 in the Winter, while the Sunne is 

in 2, mt, 7, v9,:2y & x, and fo may you draw the reſt of theſe 

houre-lines : onely that of 7 from the meridian in the Sum- 
mer, and 5 in the Winter, will crotle the line of declination 
ar 11gr.37m, and thatof $8 inthe Summer, and 4 in the 

Winter at 21 gr,40 77. 


The fourth table for drawing of the azimuth lines, muſt 
likewiſe be fitted for the alcitude of the Sunne aboue the ho- 
rizon at ceuery azimuth,efpecially when he cometh to the e- 
quator, the tropiques, and ſome orher intermediat declina- 
ions. | 

It the Sunne be in the equator , and fo haue no declina» 
tion: 


As the fine of g0gr. | 

to the coſine of the azirauth from the meridian: 
So the cotangent of the latitude, 

to the rangent of the alcitude at rhe equator. 


Thus in our latitude of 51 gr.30 m. at 9o gr-from the me- 
ridian, the Sunne will haue no alticudezac 80 gr.the alcitude 


bb 3 wall 
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will be 7 gr.52 2; at 70 gr, it will be 15 gr.30 m; at Go gr. it 
will be 21 gr.41 », 

If the Sunne haue declination, the meridian altitude will 
be eaſily found as beforegfor the table for dayes and moneths. 
Andfor all other azimurhs, 


As the fine of the latirude, 
to the line of the declination: 

So the coline of the altitude at rhe equator, 
rothe fine of a fourth arke. 


\When the latitude and declwwacion are both alike 11 all a- 
zimurhs from the prime vercicall vnto the meridian , adde 
chis fourch arke vnto the arke of alricude at the equator. 

When the latitude and declination are both alike, and the 
2zimuth more then go gr. diſtant from the meridian, take 
the altitudeat rhe equator our of this fourth arke, 

When the latitude and declination are vnlike, take this 
fourth arke out ofthe arke of altitude at the equator, ſo ſhall 
you _ che altitude of the Sunne belonging to the azi» 

muth, 

Thus in our laticude of 52 gr.zo0 w. Northward, if it were 
required to finde the altitude of the Sunne in the azimuth 
of 60 gr. from the meridian, when the declination 1s 23 gre 
zo #.Nothward, you may finde the altitude at the equacor 
belonging to thisazimurch to be 21 gr.4z m. by the former 
Canon,and by this laſt Canon you may finde the fourth arke 
to be 28 gr.1i5 ws. Then becaulc the latitude and declination. 
are both alike ro theNorthward, if you adde them borh 
togerher, you ſhall haue 49 gr.5 6m. for the altirude requi- 
red, 

It che declination had been 23 gr. 30 m.tothe Southward, 
you ſhould then haue taken this fourth ark our of the ark at 
the equator, which becauſgit cannot here bedone, it is a 
ſigne that che Sunne is not then abone che horizon. Bur if 
you take the arke at the equator out of this fourth arke,you 
thall haue 6 gr. 34 m, for the altitude of the Sunne when he is 

In 
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inthe azimuch of 60 gz.troam che North, and 120 or. from the 
South part of the meridian. The like reaſon holderh for che 
reſt of thete alticudes, which may be gathered and fer down 
11 atable, 

Laſtly when theSun rifc.h or {ettech vpon any azimuth, 
to find his declination, 


As the ſine 0f go gy, 
ro the coline of the laticude: 

Sothe coline ot the az:much from the meridian, 
co the fine of che declination, 


And thus in our latitude of 5x gr.z0 m.when the azimuth: 
15 80 gr,from the meridian, the declination will be Fanny ws 
be6gr.12 m; if theazimuth be pogr. the declination will be 
found 12 gr.18 mit 60 gr, then 18 gr. 8 m. And to for the 
reft, which may be alſo ſer downe in the Table. 


A Table for the altitude of the Sunnt in the beginning 
of each Signe for euery tenth azimuth, in 51 gr. 
30 m1. 0f North latitude. 
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That done, if you would draw the line of Eaſt or Weſt, 
which 1s go gr.from the meridian, lay the rufcr to the center 
A,and 3o0gr.38 mm.numbred in the quadrane from C coward 
B, andnote the point where ir erollcth the tropique of >; 
then moue the ruler to 26 gr,.xom.and note where 1t crotleth 
che parallell of T; chen ro 14 gr.45 w. and note where it 
crollerh the parallell of &; then co © gr. om, and you ſhall 
finde it ro crofle the equator in the point F;ſo a line drawne 
through theſe points, ſhall ſhew the azimuth belonging to 
Eaſt and Weft. Thelike reaſon holdeth for all the reſt, 

Theſe lines being thus drawne, if you ſer ewo ſights yp- 
on theline AC, and hang athread and plummecr on the 
center 4,with a bead vp6 the thread,the forelide of the qua- 
drant ſhall be fully finiſhed, 

Or in ſtcad of the fiue ſtarres before mentioned, you may 
place the Nefarnall (deſcribed betore in the vie of the Se- 
or, pag,6o.) on the backſide of che Quadranr, and ſo alſo 
it will be fitted both for day and night, 


CHAD. 


The vfe of the Quadrant,and of the Ecliptique, 201 
CHAP. IL. 


Of the ſe of the Quadrant in taking the altitude 
of the Sunne, Moone, and Starres. 


Ta Quadrant isthe fourth part of a circle, dinided e- 


qually into go gr.and here numbred by 10.20. 30.&c. 
vnto 9ogr. each degree being ſubdiuided into 4. 

Lift vp the center of the Quadrant, ſo as the thread with 
che plummet may play caſily by the fide of ir,and the Sunne 
bcames may patle through both the fights ; ſo ſhall che de- 
grees cut by the thread, ſhew what 15 the alticude ar the time 
of obſeruation, as may appeare by this example, 

Vpon the 14 day of April, abour noone, the Sun-beames 
paſling chrough both che (ſights, che thread fell vpon 51 
27,20, and this was the true meridian altitude of the Sun 
tor that day 1n this our latirude of 51 gr.30 ws. for which this 
Quadrant was made, 

Againegtowards three ofthe clocke in the afrernoone;the 
chread fell vpon 38 gr.qo wm. and ſuch was the Sunnes altt= 
rude at that time, 


CHAP THE 
Of the Ecliptique. 


1 Theplacs of the Sunne being giues to finde 
his right aſcen(ion. 


PX Ecliptique 1s here repreſented by the arke, figured 
with the characters of che twelue S1gnes,V,S,M,&c.cach 
Signe being dinided vnequally into 30 gr. and they are to be 
reckoned from the character of the S1gne. 

Ler the chread be laid on che place of the Sunne in che 
Ecliprique , and che degrees which it curtech in the Quas 
dranc ſhall be the right aſcenſion required. | 

CC AS 


£©2 The woe of the line of declination, 

Asif the place of the Sunne giuen be the fourth degree 
of X, the thread laid on this degree ſhall cut 62 degrees in 
the Quadrant, which 1s the right aſcenſjon required. 

Bur if the place of the Sunne ginen be more then go gy. 
from the beginning of Y,, there muſt be more then go gr. al- 
lowed to the right aſceniion;for this inftrument is bur a qua- 
drant : and fo it the Sunne be in 26 gr.of S, you ſhall inde 
the chreadto fall in che ſame place, and yer the right aſcen- + 
fion to 5e 118 gr. 


2 The rizhs aſcenſion of the Sunne beiug gintyn, 
to fina his place in the Ecliptique. 


Let the thread be laid on the right aſcenſion in che Qua- 
drant, and it ſhall crolle the place of the Sunne in the Eclip- 
tique, as may appeare 12 the former example, 


CHAP. J11E 
Of the line of declination. 


x Theplace of the Sunxe being giues 
to find bis declination. 


T* He line of declination is here drawne from the center 
ro the beginning of the Quadrant, and divided from 
the beginning of Y downward into 2 3 gr.30 mw. 

Let the thread be laid, and the beade ſer on the place of 
Sunnein the ecliptique; then moue the thread to the line of 
declination,and there the bead ſhal fall ypon the degrees of 
the declination required. | 

As if the place of the Sunne ginen be the fourth degree 
of nr, the beade firſt ſet ro this place, and then mouecd to the 
line of declination, ſhall there ſhew the declination of the 
Sunne at that time to be 21 grifrom the equator. 
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F 2 Thedeclination of the Sunne being given, 
to find his place in the Ecliptique, 


Let che thread and beade be firft laid to the declination, 
and then moued to the Ecliptique, 
As if the declination be 21 gr.the beade firſt ſer to this de- 
clination,and then moued to the ecliptique,ſhall there ſhew 
the fourth of IZ,the fourch of 7,the 26 of 5,and the 26 of W; 
and which of theſe foure is the place of the Sunne, may ap- 
peare by the quarter of the yeare. 


CHAP... V. 


Of the circle of Moneths and Dayes. 


7% is circle 1s here repreſented by the arke, figured with 
theſe letters, [, F, M, A, 14,8, ſignifying the monechs 
Tanuary,February,March, April,&c. each monerh being di- 
uided vnequally, according to thenumber of the dayes that 
arc therein, 


1 The day of the moneth being giuen, ts find the alti- 
inde of the Sunne at woone. 


Let che thread be laid to the day of the moneth, and the 
degrees which it cutteth in the Quadrant ſhall be the meri- 
dian altitude required. 

As if the day giuen be the 15 of May, the thread laid on 
this day ſhall cut 59 gr,30 1. 1n the quadrant, which is the 
meridian altitude required. 


2 The meridian altitude being ginen,to finde 
the day of the moneth. 


The thread being ſet to the meridian altitude, doth alſo 
fall on the day of the moneth, 
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As if the altitude ar noone be 59 gr.30 m. the thread bes 
ing ſet to this alritude,dorh tal on the 15 day of May andthe 
9 of Tuly ; and which of theſe two isrhe true day, may be 
knowne by the quarter of the yeare, or by another dayes ob- 
ſeruation.For ike alcicude proue greater,the thread wil tall 
on the 16 day of May and the 8 of Jaly : or if it proue leſlex, 
the thread will fall on the 14 of May and the 10 ot Iuly; 
whereby the queſtion is fully anſwered, 


CHAP. 
Of the Fonre-lines. 
C Sram arke which is drawne vpon the center of the qua- 


drant by the beginning of declination,doth here repre- 
ſent the cquater: chat arke which is drawne by 23 $7.30 m. 
of declination, and is next aboue the circle of moneths and 
dayes, r. preſenteth the tropiques: thoſe lines which are be- 
tweene the equator and the tropiques, being vndiuided and 
numbred at the equator by 6,7.8.9.10.11.12.at the tropique 
by 1.2.3.4.&c.do reprcſent the houre-circles: that which is 
drawne trom iz in the equator tothe middle of Tune,repre- 
fenterh the houre of 12 at noone in the Summer; and thoſe 
which are drawn with it ro theright hand,are for the houres 
of the day in the Summer, and the houres of the night in the 
Winter, Thar which is drawnefrom 121n the equator to the 
middle of December, repreſenreth the houre of 12 in the 
Winter;and thoſe which are drawne with it to the left hand, 
are for the houres of the day in the Winter, and the houres 
of the night 1n che Summer; and of both theſe,chat which is 
drawne trom 11 to 1, {eruestor II inthe forenoone, and z 
in the afternoon. That which is arawne fro 10 to-2,ſferues for 
10 in the forenoon,& 2 1n the afternoon:for the Sun on the 
ſame day is about the ſame height rwo houres betore noon, 
as rwo houres atter noone. The like reaſon holdeth for the 
reſt of the houres, 
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1 Thed xy of the moneth, or the heizht at noone bein g 
knowne, to finde the place of the Sunne 
in the Ecliptique, 


The thread being laid to the day of the moneth, or the 
heighr ar noone,(tor one gines the other by the tormer pro- 
polition)marke where it crofleth the houre of x2,and let the 
bead ro chat interſeftion;then moue the thread till the bead 
tall on the eclipe1que,and it thall fall on the plade of the Sun, 

AS it the day giuen be the 15 of May, or che meridian a[- 
titude59gr.z30m. laythe thread accordingly, and pur the 
bead ce the interſection of the thread with the houre of 1 ls: 
then moue the thread till the bead fall on the ecliptique, and 
It ſhall chere ſhew the fourch ot IT, che fourth of 7, th- 25 of 
S, aid the 26 of W; andwhich of cheſe 1s the place of the 
Sunne, may appeare by the quarter of the yeare, or another 
daycs obſeruation, - 


2 Theplace of the Sun in the Ecliptique being knowne, 
fo finde the day of the moneth,eyc. 


Ler the thread and beade be firſt laid on the place of the 
Sunne in the Ecliprique,' and then moued to the line 


- of 12, 


As ifthe place of the Sunne given be che fourth of Z, rhe 
bead being laid rothis degree,ana then moued ro che houre 
of12, in the Summer, the thread will tall on rhe 15-day of 
May,and the 9 of [uly; or it ic be moucd co the oure 0712 
in che W:ncer,che chread wil tall on the 6 0: Tanuary and the 
16 of Nouember; which of theſe 15the day of the moneth ye- 
quired,may appeare by the quarter of £11 y{ ace, 

In this and the foriner propolitions, you tae rwo wayes 
roretifiethe bead,by the place ut che 1ane,and by che day 
of the monerh; the betcer wa? 15 5y che place of tae Sunn”, 
for in the other the Leap-ycare may breed foie fmall wite- 


TY Encec, 
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There is yeea third way, For the Sea-men having a table 


for the declination on each day of the yearc,may ſet the bead 
thereto in the line of declinarion. 


3 The houre of the day being gines to findihe altitude 
of the Sunne abone the horizon. 


The bead being ſet for the time by either of the three ways, . 


letthe thread be moued from the houre of 12 toward the 
line of declination, till the bead fall on the houre ginen; and 
che degrees which it cuts in the Quadrant,ſhall ſhew the alti- 
tude of the Sunne at that time, | 

As if the time giuen be the renth of April,the Sunne be. 
ing then in the beginning of &,the bead being reQified, you 
ſhall £nde the height at noone 50 gr.o wv. at 11 in the mor- 
ning 48 gr.12 ”. at1o burqzgr.12m5, 2t 9 but 36 gr. at 8 
bur 27 gr.;om. at7 but 18gr.18m. at6 butggr. at 5 it 
meeterh with the line of declination,and hath no alritudec at 
all, and therefore you may think it did riſe much 2bout thac 
houre, 

Then if you mone the thread again from the line of de. 
clination coward the houre of 12,you ſhal find chat the Sun 
is $gr.33 m.below the horizon arq in the morning, & neare 
16g7.at 3,and 21 g7.5199.4t2, and 25 gr.qom ati, and 27 
gr.at midnight, 


4 The altitude of the Sunne being ginen,to finde 
| the houre of the day. 


The altitude being obſcrued as before, let the bead be ſer 
for the time, then bring the thread to the altitude, ſo the 
bead ſhall ſhew the houre of the day. | 

Asif the 10 of April having ſet the bead forthe time,you 
ſhall finde by the quadrant,the alcitude to be 36 gr. the bead 
at the ſame time will fall vpon the hourc-line of 9g and $: 
wheretore the houre is9 in the forenoone, or 3 in the after- 


noone, If the altitude be nearg 40 gr. you ſhall findthe bead 


art 
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at the ſame time to fall halfe way betweene the hovre-line 
of gand 3, and the hour--line of 19 and a: wherefore it 
mult be eicher halte an houre paſty in che morning, or halfs 
an honre paſt 2 in the atternoonezand which of theſe is the 
tructime of the day, may be ſoone knowne by a ſecond ob- 
ſeruacion : for if the Sunne riſe higher, ic is the forenoone; if 
it become lower, it isthe afrernoone, 


5 The houre of the night being giuen,io find how w1uch 
the Sunn is below the horizon. 


The Sunne is alwayes ſo much below the horizon at any 
houre of the night, as his oppoſite point is aboue the hori- 
zon at the like houre of the day; and cherefore the beade be- 
ing ſet, ifthe queſtion be made of any houre of the night 
in the Summer, then moue it to the like houre of the day 
in the Winter; if of any houre of the night in Winter, then 
moue ir to the like houre of the day in Summer ; ſo the de- 
= which the thread cutterh in the Quadrant ſhall ſhew 

ow much the Sunne is below the horizon at that time. 

As if it berequired to know how much the Sunne is be-= 
low the horizon the 10 of April at 4 of the clock in the mor- 
rungs the bead being ſet to his place according to the time 
in the Summer houres, bring it to:4 of the ciocke in the at- 
ternoone 1n the Winter houres, and ſo ſhall you finde the 
thread to cut B gr.and abour 30m. in che quadrant z and ſo 
much is the Sunne below the horizon at that time, 


6 Thedepreſſion of the Sunne ſuppoſed,to gine the houre 
of the night with ws, or the houre of che day 
to our Antipoges, 


Here alfo becauſe the Sun is ſo much aboue the horizon 
at all houres of the day,as his oppolice poinc is below the ho- 
rizon at the like houre of the ngghr ; therefore firſt ſet the 
bead according tothe time, then bring the thread to the de- 
gree of the Suns depreſiion below the horizon, ſo _—_ = 

ca 
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bead fall on the contrary houre-lines, and there ſhew the 
houre of the night in regard ot ys, which is the like houre of 
the day to our Antipodes, 

As if the 10 of April the Sunne being then in the begin= 
ning of &, and by ſuppolition 8 gr.30 r, below the horizon 
in the Eaſt, jr be required to know what time of the night 
It is; firſt ſer the bead according to the day in the Summer 
houres, then bring re thread to 8 gr. zo min the quadrant, 
ſo ſhall che bead tall among che Wincer houres, on the line 
of 4 of the clocke in the aftcrnoone: wheretore to our Anti- 
podes it is q of the clocke in their atternoeneand to ys it is 
then 4 of the clocke in the morning. 


7 The time of the yeare or the place of the Sunne 
being ginen,to find the beginning :f day- 
breake,and end of twi-lighs. 
This propoſition differeth little from che former : for the 


day 1s faid to begin to breake,when y Sun- cometh to be bur 
1 $ gr. below our horizon 1n the Eatt, and ewi-light to end 


when it is gotten 18 gr. below the horizon in che Weſt: 


wherefore ler the bead be ſer for the time, and then brin 
the threadto 18 gr.in the quadrant, ſo ſhall the bead fall on 
the contrary hourc-lines, and chere ſhew the houre of twi- 
light as before. 

Soif it be required to know at what time the day begins 
ro breake on the terith of April, the Sun being then in the 
beginning of vs; firſt ſet the bead according ro the time in 
the Summer houres, and then bring the thread to 18 gr. in 
che quadrant,ſo ſhall the beadtall among the Winterhoures 
a little more then a quarter betore 3 in the morning ; and 
that is the time when the day begins to break vpon the tenth 


of April. 
CHAP. 


Ms. 


Lo Aditi 


The fe of the Horizon; 


CHAP. #11. 
Of the Elorizon. 


He Horizon 1s here repreſented by the arke drawne, 
from the beginning of declination towards the end of 
February, diuided vnequally,and numbred by 10.20, 36.40. 


1 Thedayof themontth,or theplace of the Sunne be. 


ing knownt, to finde the amplitude of the 
Sunnes riſing and ſetting. . 


Let the bead reified for the tine, be brought ro the ho- 
rizon,and there it ſhall ſhew the amplicude required, 

Asif the day giuen be the 15 of May,the Sunne being in 
the fourth degree of m,the bead reQified and broughr.ro.the 
horizon,ſhall there fall on 35 gr.8 »».ſuch is che amplicude of 
the Sunnesrifing from the Eaſt, and of his ſerting trom the 
Weſt ; which amplitude is alwayes Northward when the 


 Sunne is in the Northerne Signes, and when he is in the 


Sourhward Signes alwayes Southard. 


2 The day of the mencth, or the place of the Sunne 
being giuen, to finde the aſcenſio- 
wall difference. 


Let the bead reAtficd for the time, be brought to the ho. 

rizon, ſo the degrees cut by the thread in the quadranr,ſhall 
ſhew the difference of aſcenſions, 
As if theday given be the 15 of May,the Sunne being in 
the fourth degree of Z, letthe bead bereified and brought 
ro the horizon; ſo ſhall the chread in the quadrant ſhew the 
aſcenſionall difference to be 28 gr.and about 50 ww, 

Vpon the. aſcenſionall difference depends this Corollarics 


dd Ts 


xt © To findthe boure of the night by the ftarres.” 


Te find the houre of the riſing and ſenting of the Sun, 
and thereby the lenzth of the day and night. 


The time of the Sunnesrifing may be guelled at by the 
3 of the laſt Cap, bur here by the aſcenſjonall difference ir 
may be betrer found,and that to a minute of time. For if the | 
alcenſionall difference be conuerted into time, allowing an 
houre for 15:gr. and 4 minutes of an houre for cach degree, 
it ſheweth how long the Sunne riſeth before (ix of the clock 
in the Summer, and after (ix in the Winter, 

As if the day giuen be the 15 of May,the Sunne being in 
the fourch of It, and his aſcenlionall difference found as be- 
fore 28 gr.50 99; this conuerted into time, maketh 1. ho, and 
ſomewhat more then 55 m.of an houre : wherefore the Sun . 
at that time,in regard it was Summer,roſe x ho.and full 55 m. 
beforc 6 of the clockegzand ſo hauing the quantitie of the ſe- 
midiurnall arke, the length of the day and night need nor 
be vnknowne. 
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CHAP; -VIII. 


Of the fiue Starres. 


Might have put in more Starres, bur theſe may ſuffice for 
] the finding of the houre of chenighr ar all times of the 
yeare: and firlt I make choice! of Ala Pegafs, a ftarre in the 
excremitic of the wing of Pegaſw,in regard it wants but 6 mi- 
nutes of time of the beginning of Y'; but becauſe ir is but of | 
the ſecond magnirude, and not alwayes to be {eene, I made 
choice of foure more , one for each quarter of the Eclip- 
tique,asof Oen/zs 5 the Buls eye,whoſe right aſcenſion con- 
nerced into time,is 4 ho. 15 mw;then of Cor A che Lions hearr, 
whoſe right afcenfſion is 9 ho.48 m; next of Artarus, whoſe 
right aſcenſion is13 H.58 m; and laſtly of eAqwila, or the 
Vultures heart, whoſe right aſcenſion is19 H.33 uw. Theſe 
fue ſtarres haue all of them Northern declination, and if any | 


others, ſome of chele will be ſcene at all eimes of rhe _ 
: | The 
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The altitude 6 f any of theſe fiue Starves being k nowne, 
10 find the houre of the night. 


Firſt put the beade to the ſtarre which you intend to ob= 
ſeruey take his altitude , and hnde how many houres he is 
from the meridian by rhe fourch Prop,of the {ine Chap; then 
out of the right aſcenſion of the ſtarre, take the right aſcen» 
lion of che Sun conuerted into houres,and marke the diffe- 
rence for this difference being added to the obſerued houre 
of the {tarre from the meridian, ſhall ſnew how many houres 
the Sunne is gone from the meridian, which is in effe& the 
houre of che night. X 

As if rhe 15 of May, the $Sunne being in the fourth of Ir, [ 
ſhould fer the beade ro eArftwws, and obſcruing hisaltirude 
ſhould find him. co be in the Weſt abour 52 gr. high, and the 
beade to fall on the hourc-line of 2 afrernoone, the houre 
would be 11 ho,50 m.paſt noone,or 19m. ſliort of midnight. 

For62 gr.the right afcen(ion of the Sunne,conuerted in- 


- to time, makes 4 hs.8 mm. which if we take our of 13 ho.58 m, 


theright aſcenſion of eArttarns, the difference will be 9 ho. 
50%. and this being added to 20. the obſerued diſtance of 
ef urs trom the meridian, ſhewes the houre of the night 
to be11 bo.5o m. Another example wil make all more plame, 
If the 9 of Iuly the Sunne being then in 26 gr.ot'S, I 
ſhculd ſet the beade toOemize &, and obſcruing h s altitude 
ſhould find him to be 1n the Eaſt about 12 gr.high, and rhe 
bead to fall on the houre-line of 6 betore noone, which is 
18 ho.paſt the meridian, the houre of che nighr would be 
better then a quarter paſt 2 of theclocke in the morning. 
For 118 gr.the tight aſcenſion ot che Sun,conucrced into 
time,makes 7 ho.52 m; this taken our of 4 ho.15 m. the right 
aſcenſion of Ocalw&, adding a whole circle, (tor otherwite 
there could be no ſubſtration) the differ:nce will be 20 hs, 
23 9, and this being addcdto 18 he,which was che obſcrued 
diſtance of Oculms S ;rom the meridian, ſhewes that the Sun 
dd 2 (aba- 
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(abating 24 ho for the whole circle)is 14 2r.23w.paſt the me- 
rid:an,and therefore 2 3 m.paft z of the clock in the morning, 


C H A P. I » : 
Of the Azimuth lines. 


= ofe lines which are drawne hetweene theequator and 
the tropiques,on thar (ide ofthe quadrant which is nea+ 
reſt ynco che fights, and are numbred by 10.20. 30.&c. doe 
repreſent the 2zimbths;the vttermott to the lefr hand repre- 
ſenteth the meridian , that which is numbred with 10 che 
rench azunuch from the meridian , and that which is num- 
bred with 20 the twentith, and ſo the reſt, Thoſe lines. 
which are drawne from the equator to the left hand , doe 
ſhew the azimurh in che Summer; and thoſe other to the 
right hand,do ſhew the ſame in.the Winter. The vie of them 
15, 
1 The azimuth whereop the Sunne bearith from ws 


being knowne, to find the altitude of the Sun 
aboue the horizon. 


Firſt let the bead be et for the time,as.in the former Chap- 
ter, then mouethe thread vntill che bead fall on the azi- 
murhy ſo the d:grees which the thread cuttech in the qua- 
drant,ſha}ll ſhevy.the alcitude of the Sun at thattime, Where 
you are to obſcrue, that ſecing the azimuths are drawne on 
the right {ide of the quadrant, yow are alſo ro begin to num- 
berthe degrees of the Sunncs alcirude from the right hand 
toward the letr. As if the fights had been ſet on the line A B, 
and you had turned yourright hand towards che Sunne. 11 
obſcruing of hjsalcirude, contrary to our practiſe 1n the for- 
mer Chapter. 
 Asifchecime giuen were the 2 of Auguſt, when che Sun 
hach abouc x 5 gr.of North declination, you may ſet the bead 
for che time, ſo you ſhall knd the height at noone when che 
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Sunne 1$in che South, co be 53 gr.30 mw. when he is 10 gr. 
from the Sourh 53 gr. 10 #.when 22 gr.chen abour 52 2r.8 ws, 
when 30 gr. then 59gr.20 9, when 4ogr. chen 47 gr.43 nm, 
when 50gr. then 44 gr.12 5; when 60gr. then 392r.35 mts 
when 70 gr.then 33 gr.55 99. waen 89 gr.chen 27 2r, when 
he 1s in the Ealt or Weft go gr.from che meridian,then is che 
height neare 19 gr.20 mz when he comes to be 100 gr, then 
Ii gr.15 9, When 110 gr.then 3 gr.20 #;and before he com- 
meth to che azimuth of 120 zr. he harh no altitude. For the 
Sunne hauing 15 gr.of North declination,will riſe and ſet at 
114 £7.34 m.froin the mer:dan. 


2+ The altitud: of the Sunne being giuen, to find 
on what azimuth he beareth from ws. 


Let the beade be ſet for the time, and the altictide obſcr-. 
ued as before; then bring che thread co the compleinenr of 
chat altirude,ſo the bead ſhall ſhew the azimuth required. 

As if the ſecond of Auguſt, hauing ſet the beade for the 
time, you ſhall find the alcirude of the Sun to be 19 gr.20 ws. 
remoue the thread vnto 70 gr.qo ..the complement of rhe 
altitude z or, which is all one, to 19gy.20 ms. from the righe 
hand toward the lefr,and the bead will fall on the line of 99. 
gr. from the meridim. And therefore the point whereon the 
Sunne bearecth from vs,1is one of theſe rwo, either due Eaſt 
or due Weſt , And which of theſe isthe «rue point of the 
compalle, may be ſoone knowne by a ſecond obſervations 
for if the Sun riſc higher, it is the forenoone ; if ic be Jower, 
jt is the afternoone, 

By knowing the azimuth or point of the compatle whercon 
the Sunne bearcch from vs, it 1s eafie to finde, 


A meridian line; and ther eoy 
The coaſting of the Countrey. 
The ſite of a building. 

The wariation of the Compaſſe. 
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As if the ſecond of Auguſt in the afrernoone,] ſhould find 
by the height of the Sunne that he beares from me 60 gr, 
from the meridian toward the Weſt; then there being go is 
belonging to each quarter, the Weſt will be 3o gr. to the 
right hand, the Eaſt 15 oppoſite co the Weſt, the North and 
South lie equally betweene rhem. 


CHAP. XL, 
Of the Quadrat. 


He Quadrat hath two ſides dinided, the other two fides 
next the Center may be ſuppoſed to be dinided, each 
of them into 100 equal parts: of the ſides druided,thac which * 
isnexc the hor1zontail line containes the partsot right ſha- 
dow,the other next the (ights,the parrs ot contrary ſhadow. 


The vſe of the Quadrat 15, 


T Anypoint being g iuen, to finde whether it be 
lexell with the eye. 


Lift vp the center of the quadrant, ſo as the thread with 
the plummet may play cafily by the {ide of it ; then looke 
through the lights to the place given: tor now if the thread 
ſhall tall on A B che horizontal line,then 1s the place giuen 
leuel with the eye:bur if it ſhal fal within the ſaid line on any 
of the dwuilions,then it 1s higher; it without, then it is lower 
then the lcucll of the eye, 


2 Tofind anheight aboue the leurll of the eye, or 
4 d1ſl ance at one obſernation. 


Looke through the ſights to the place , going nearer or 
farther from ir,r1l] che chread tall on 100 parrs in the quadrat 
or 45 gr.in the quadrant, ſo ſhall che height ofthe. place a- 
boue the leucllof the eye,be cquallco the diftance between 
the place and the eyes: £ 

If the thread fall on 50 parts of a right ſhadow, the height 
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is bur halfe the diſtance: if it fall on 25, iris a quarter of the 
diſtance:if on 75,it is three quarters of the diſtance. For as oft 
as the threadfalleth on the parts of right ſhadow, 


As tooto the parts on which the thread fallech: 
So is the diſtance to the height required, 


And on the contrary, 


As the parts cut by the thread are to x00: 
So the height ynto the diſtance, 


But when the thread ſhall fall on the parts of contrary ſha- 
dow: if it fall on 5oparrs, the heighr 1s double vnto the di- 
ftance; if on 25,1t is foure times as the diſtance. For as oft as 
the thread fallech on the parts of contrary ſhadow, 


Asthe parts cut by the thread are vnto 100: 
So is the diſtance vnto the height, 


And on the contrary, 


As 100 are vnto the parts cut by the thread: 
$0 is che height ynco the diſtance. 


And what is here ſaid of the height and diſtanceythe ſame 
may be ynderſtood of the height and ſhadow. 


3 Fofrad a height or a diſtance at two obſeraations. 


As if the place which isto be meaſured might not other- 
vue 
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- a6 Fhe vſe of the Quadrat, 
wiſe be approched,& yet it were required to find the height 
B C,and = diftance : firſt if I make choice of a ſtation ar £, 
where the thread may fall on 100 parts in the quadrat, and 
45 gr.in the quadrant, the diſtance A B will be equall to the 
height BC ; then if I go farther in adire& line with the 
former diftance, and make choice of a ſecond ſtation at D, 
where the chread may fall on 5o parts of right ſhadow, the 
diſtance BD would be double ro the heighr BC: wherefore 
I may meaſure the difference betweene the two ſtarions «LC 
and D,and this difference A D will be equall both to the di- 
tance A B andthe height BC, 

Or if I cannot make choice ef-ſuch ations, I take ſacl 2s 
I may, one at D,where thethread falleth ar 50 parrs of right 
{hadowzthe ſecond at E,where it falleth on qo parts:and ſup- 
poſing the height BC robe 200, I find char 


As 50 partsarevnto Too,the (ide of che quadrar: 
So 100 the ſuppoſed height,vnro 200 the diſtarice BD. 
And as4o parts,at the ſecond ſtation,vnto 100: 
$0 100 the ſuppoſed height,vnto.250 the diſtance BE, 


Wherfore the difference between the ſtations D & E ſhould 
ſcemeto be50; and then if in meaſuring of it, I ſhould find ir 
co becither more or lefle, the proportion will hold, as from 
the ſuppoſed difference to the meaſured difference, ſo from 
height ro height,and from diſtance ro diſtance, 

As ifthe difference between the two ſtations D and E be- 

ing meaſured, were found to be 30. 


As 50 the ſuppoſed difference,vnro 30 the true difference: 
So 100 theſuppoled height,vnto 6e che cruc height. 

And 2co the {uppoſed diftance,vnto 120 the true diſtice: 
And 250 at the ſceond ſtation,vnto 150 the diſtance B E, 


The like reaſon ho!deth in all other examples of this kind: 
and if an Index with ſights were fitted to turne vpon the 
Center, ir might then ſ{erue by the ſame rcaſon for the find- 
ng of all other diſtances, 


FINTS. 
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